Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
ai-e  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automctted  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
ti^anslation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  infoiming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 


Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http :  / /books  .google  .  com/| 


^/^-  W  7 

OXFORD  MUSEUM. 
LIBRA^  AND  READ1N</rOOM. 


^niS  Hook  belonWio  the  "Student's 
Library." 

It  may  not  lie  remoWi  from  tlie 
Reiulin^f  /^ttin    without  '^lermismon 


WORKS 

OP  THE 

CAVENDISH  SOCIETY. 


FOUNDED  1846. 


HAND-BOOK 

OF 

CHEMISTRY. 


BY 

LEOPOLD  GMELIN, 


rw>ru«o>  or  CKfttumv  in  ik>  dnivzuitt  or  iibidilbbu. 
ADO  MkHBKi  or  ruiona  lsambd  locixnn  a  sbu.ir,  bohn,  catuiia,  omaiDiH,  r>EiBuio, 
ruBKroax,  o&mRou,  baub,  hauvko,  harau,  hbidilxuo,  jAwv;-XD»ftK^ 
XAUDia,  mivica,  ruu,  pziEBanuB,  nranA,  a  ' "  '     '     '  *  " 


A,  ASD  i5«»mii.l-,  llj>\^ 

(I' 


VOL.  I. 


C0HES10K,  ABHRSION,  AFFINlfr,  LIGHT,  HEAT,  AND'ECfiCtStCITY. 


TRANSt.ATED  BV 

HENRY  WATTS,  B.A.,  F.C.S. 

AMUTAVT  n  UB  •  nun  ICS  uboutoiv,  niiiTHwm  coLuot,  lokdo*. 


LONDON : 
PRINTED  FOB  THE  CAVENDISH  SOCIETY. 


MDCCCXLVra. 


LOKDON : 
PEIKTID  »r  T.  ».  HAUIMIN, 
•T.  HAftnir'H  LAME. 


TRANSLATOR'S  PREFACK. 


The  volume  now  offered  io  the  members  oi'  the  Cavendish 
Society  h  the  fir^t  part  ot'a  translation  of  Gmelln's  "Jlandhucli  der 
Chemie,"  oomprising  the  General  Laws  of  Chemical  Action,  and 
the  Chemical  Relatlona  of  Light,  Heat,  and  Eleetricity.  The 
piibliciitioii  of  the  hi^t  edition  uf  this  Great  Stiimlai-d  Work  waa 
cotuiaenced  by  the  author  in  1843, — sinee  which  time,  these 
branches  of  science  have  been  enriched  by  many  impurtant  dis- 
coveries. A  full  account  of  the  whole  of  these  researches  would 
bHTe  exlendeil  the  vohmie  to  tno  great  a  length;  I  hivc  therefore 
contented  myself  with  introducing  the  most  important.  The  prin- 
cipal additions  relate  to  the  following  subjects; — Relation  between 
Atomic  Weight  and  Density; — Relation  of  Light  to  ^lagnetisni; 
the  Calotype  Proccea;  Thennop^aphy; — Rafliation  and  Comluc- 
tiun  of  Heat;  ExpaDt^ion;  Speciflc  Heat;  Latent  Heat  of  Liquids 
and  of  Vapours;  Tension  of  Vapours;  Liquefaction  and  Soli<lifi- 
c&tton  of  Gases;  Development  of  Heat  in  CheraicjJ  Combination; 
Decomposition  of  "Water  by  Heat; — Development  of  Electricity 
by  the  escape  of  High-pressure  steam;  Grove's  Gas  Voltaic  Bat- 
tery; and  the  Magnetic  Condition  of  all  Matter. — Additions  have 
likewise  been  made  to  the  lists  of  McmoirB  at  the  heada  of  the 
chapters.  The  new  matter  is  kept  quite  distinct  from  the  original; 
more  complete  incorporation  would  have  requii-ed  alterations  in 
the  test,  which  a  translator  is  by  no  means  justified  in  makings 

A  few  worda  are  necessary  with  regard  to  nomenclature.  In 
the  portion  of  the  work  included  in  tlie  present  volume, — relating 
principally  to  physical  aclence, — it  has  been  the  Author's  proctica 
rather  to  copy  or  trauslnte  the  terina  uaed  by  tlie  different  writers 
from  whose  workd  or  memoirs  he  hiw  borrowed,  tlian  to  adopt  a 
etrictly  systematic;  nomenclature.  A  similar  course  is,  for  the 
moat  part,  pursued  in  the  translation, — retaining,  for  example, 
the  ordinary  terms,  sulphuret  und  pho^phuret,  instead  of  tlie  more 
Bygtematic  appellations,  srdph'ule  and  phosphide,  proposed  by  Pro- 
fessors Graham  and  Hofmann.    It  is  true  that  this  mode  of  prg- 
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ocediiig  renders  tlie  nomenelature  atlopted  in  the  present  volume 
somewhat  different  from  that  which  will  be  employed  in  the 
sequul:  l>ut  the  diflWences  tlivrcbj-  occasioned  are  not  likely  to 
create  contW*ioii,  espocially  as  the  nomenclature  to  be  iised  in  tKe 
remainder  of  the  work  will  be  tiilly  explained  in  the  uoui*^  of  tlie 
secimd  volume. 

The  names  of  several  of  the  elements  in  the  original  are  some- 
what different  from  those  in  common  use;  for  instance,  ihe  ordi- 
nary ternia  Mar/nmwv,  Aluminum,  and  Glucinmn,  are,  ri>r  the  sake 
of  brevilv,  replaced  by  Magnium,  Alumium,  and  Gli/ciui't.  These 
altemtinns  it  is  impossible  to  retain  in  an  Enj^liwh  trrmsUvtion;  for 
the  adoption  t>f  them  wduIJ  render  It  necessary  to  euh&titute  the 
corres)»n(lLn«  tenuB  Maffiiia,  Ahnnia,  and  Gl^cia^  for  Magnesia^ 
AhmintT,  and  f»ft«7iia,— an  alteration  whieh  we  are  ecarcely  at 
liberty  to  make,  esitecially  with  words  of  such  common  occnrrence 
as  mrt//MCM(i  and  ultmiua.  In  Gcrmanj  the  some  difficulty  dt»es  not 
occur:  for  the  uaniee  of  the  three  oxides  in  question  are  totally 
different  in  form  from  those  of  the  corresponding  metnls,  viz. 
Tulherde  for  magnesia,  Tlionerde  for  alumina,  and  Bvri/llerde  for 
gbicina. 

Tlie  decimal  weights  nud  measures  employed  in  the  original 
have  been  retained  in  tLe  tnin^ilntlun.  If  It  ehould  be  thought 
nceessury,  in  any  particular  instance,  to  aaccrtain  the  equivalent 
vabie«  in  the  English  Bystcni,  the  required  data  will  be  ftmnd  in  a 
table  near  the  beginning  of  the  work  (p.  is).  For  the  most 
|itirt,  however,  such  rcducLtone  naay  bo  entirely  dis[)enscd  with: 
for  deiontilic  eheniii^try  \a  more  concerned  with  rclntivc  than  with 
nbt>olnte  magnilude*;  and  ihcrcfnre,  the  particulnr  unit  or  mode  of 
fiulMlivitiion  adopted  U  unim|H)rtaut,  except  in  eo  (as  aa  convenience 
and  einiplieity  are  concerned;  and  in  these  respects,  the  dteiuinl 
sy^em  i«  incoinpiii'iiMy  aujicrior  to  every  other.  In  eome  few  iii- 
fltancoH.  in  wlueh  ahi^obite  niagnilud'ca  arc  of  special  inijturlance, 
tlic  Kn^Li^h  cquivalent>t  arc  given  in  addition  to  [be  original  data 
in  t]ie  decimal  eyslcni. 

H.  W. 
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JV.  Qftart.  J.  of  Sc. — Tlio  Quarterly  JournaJ  of  Snioiice,  literature,  and 

Ate.     New  SericH.    Lomlvn.    1327-^0.    7  Vol. 
J.  liitt/.  Imt. — The  Journal  of  the  Royal  Institution  of  Great  BHt&jn. 

LondoQ.    1830-31.    2^  Vol, 
£dini>.  J.  of  A'r.— The  Edinburgh  Journal  of  Science;  by  David  Brewster. 

Edinburgh  and  London.     I«24-2y.     Ill  Vol. 
Sdinb.  Phil.  J".— The  Ediiibut-eh  Philosophical  Journal;  by  HahrrtJame- 

ton  (uj)  to  1824  also  by  Uav'id  Brmsfer).    Edinburgh,    1819 — ISifi. 

14  Vol. 

N.  EilitJj.  Phil.  J. — The  Eilinhurgii  Now  Ptilosophica!  Journal,  by 
Robrrt  Jamfmn.    Kditihiiryb.     1826-4;.    43  Vol.  Vanlinucd. 
Am.  J. — Tlie  Am<!rican  Joiima.!  of  Science  and  Arts;  by  Silliinau. 
NewLaven.    ISl[)-45,    40  Vol,    Second  Scrios,  Vol.  1 — 3.  Con- 
tinued, 

£ruffn.  Glom. — Giornale  di  (isica.,  cliiinica,  e  sloria  naturale,  di  Luiai 

^latterly  by  G.t^^mri)  Bnujii'ilfUi.    Pavia.    1808-21!-    i:>  Vol. 
^.W,  ifa;.— BibHotbecaittilianii.    Miljino.    1516-40.    100  Vol. 
Merymnn.  Opusc. — Tin'lcrni  Bergman:  Opuscula   pbysicn  et  clicniica. 

Holin.  Upa.  el  Ahoaj.    ITTy-OD.    fi  Vol. 
Sch«!l<  Opuac. — Car.  O'liil.  Schttle:  Oposcula  chemlca  et  phyaicja.  Lips. 

178g_1780.    2  Vol. 
Slaprotk  Beilr. — Beitrage  sur  chemischen  Keontuias  der  Mineral -korijer, 

^ouM.H.  KlapmtL    Bcrl.  u.  Stett.    1795—1815.    G  Vol. 
Dalian,  Ss/steni. — A  now  Syflteai  of  the  Cliernicn.1  part  of  Niitnral  Plulo- 

m^]\y,\)y  Juhn  Daltm,    MancbestCT,    1808.    2  Vol. 
Davy,  El'tm. — Elomenta  of  the  Chemical  part  of  Natural  Philoafiphy,  by 

Sir  HtLmphrif  Davy,     London-     1  8 10. 
Gaji-Lugfm  ft  Th^Ttnrd,  Hecli^cL — Rechefchos  iiliysico-«luuii»iue8,  par 

Gan-Lusmcet  Tltvnard.   Paris,    1811.    2  Vol. 


tut  ABBIIEVUTIONS, 


T 


BvKliui  Jahr«A. — Jahreataricht  iiber  die  Fortaohritte  der  pLyslschen 
Wiseeoschaften,  von  Jacvb  Beneliut.  Tubin^q,  1822-47-  28 
Vol. 

JStrieiim  Lthrb. — Lelarbuch  der  Clipnii«,  von  J".  J.  Berselius.  DrittS 
Auflage.    Dresden  UTid  Leipzig.     1833-41.     10  Vol. 

liitsduriick  Lehrb. — Lehrliacli  diir  Cliemie,  von  E.  MitMheti'tch.  Aujl, 
S.     Borlin.     1834-40.    2  Vol, 

GrahatA  Elfments. — Eleraentfl  of  Chemistrv,  by  TRomog  Graham.  Lon- 
doTi.  1842. 

Graham  Lfhrh. — A  Imtislation  of  tUo  fiatn?  into  GemmT],  by  F,  J.  Otto. 

Bniaewitk.    1840^41.    2  Vol. 
n,  Rase.  Anal.  Chem. — Handbuch  dcf  annlvtiacbcD  Cliemio,  von  lleinriek 

Roup.    Aufl.  4.    Boflin.    lfi3S.    2  Vol. 
Dumat  an^ew.  Ckcm. — Handbnrb  dcr  aiippwandten  Clicniio,  von  J.  Du- 

mm:  libera,  von  G.  A,  nnd  Fr.  Engclhart.    Niimberg.  18-30-37. 

Bis  jfltzt    5  BUnde. 


All  temperattires  aro  piven  in  desTMB  of  tbo  Centip;rado  ibcrmometer 
•excepting  wliPTi  otherwise  oxjireafily  stated. 

The  names  of  audiora  who  have  mafle  their  inveBligatlons  in  concert 
are  connected  by  &,  not  by  and. 

All  eectioDS,  paragnnihs,  Sic.^  addod  by  the  Translator  arc  dia- 
tinguiBbfd  by  tlio  sign  ^  o^t  tho  bpginning  and  end;  additional  foot- 
notes  arc  signed  [W], 


WEIGHTS  AND  SIEASURES. 


In  iho  new  French  Byatem  of  weiglita  and  nieiiAniwe,  a  Metre  is  tlie 
tflO-milliontli  part  of  the  distance  from  the  North  Polo  tn  the  Equator,  or 
of  half  tlie  length  of  a  ttieridiuin.  It  la  divided  into  tenths,  timdredths, 
Bud  tliousiiiidtbs,  or  Dcdmctrea,  Ccn tinietres,  and  Millimetres. 

1  Metre  =  <)  510074  French  Toises  =  3  Paris  Feet  and  11-1  Linea 
=  36'3412S  Par.  Inclica  —  39-37079  EnsHsJi  Indtes.— A  Frend]  Foot 
=  032481  met.;  an  Epyliah  Foot  =  0  30479 met.,  aiiJ  a  Swedish 
T(H}1=  0*23(1807  met. 

I  Cubic  Metre  =  1  SttVe  =  ]flOO  Li trca  =  1,000,000  Cubic  Ccnli- 
motrea. 

1  CuhEo  D&cimctre  —  1  Litre  —  1000  Cubic  Ceuttinetres. 
1  Gallon  English  =  4-543  Litres. 

1  Cubic  Centimetre  of  water  at  -}-  4"  C,  its  point  of  rattxiiiium  dcit- 
eity,  weighs  1  Gniunjie:  heoce,  1  Litre  of  water  at  4'  weighs  1000 
GranniicH  (iibniit  2  pounds);  aad  1  St^tre  of  water  weigba  IjOOOjOOO 
Granimee  =  1000  KilogrniniiieH. 

10,000  GramnieB  =;  1  Myringraniine  j   1000  GrsDiiiieB  =:  1  Kilo- 

gmmnie;    100  Gmmiiie^  ~  1   Hectopramme;   10  GniinrneB  —  1  DefH,- 

^ranimei  01  Grautnie  =  1  Decigraniine;  001  Grammo  =  1  Ceuti- 
^ramniGi  O^OOl  Gramme  =  1  Milligramme. 

1  Gramme  =  IS'S271.5  Fr.  grains,  poids  de  mnrc  {72  g'mine  ?=  1 
dram);  =  16  091022755  grains,  Niiremberg  weight;  =  281-01569  Eicht 
pfennigthtiilclion,  Kolnish  Markpewin-hl  (65536  UichtpfennigtbeiU-hcn  =  8 
ouiK'es  or  1  niiirk);  =  0'56473  dniiMS,  Eiiylisli  nvoirdopwa  (1  fi  draine  —  I 
ounce,  1 6  ounces  1  pimnd);  =  15  44243  .^ratne,  Rngliah  troy  imp(iria.l 
{480  gT.  =  1  OK.  12  nr.  —  1  lb.);  =  O'2:j.^0;i  Solotnik,  Hiissiaii  weight  (3 
,B(dotnik  =  1  Loth,  32  Ltith  =  1  pound);  =  22-5408(5  Doli  (96  Doli  - .  1 
'BolotDik,  2S8  Doll  =  I  Loth,  ai]d  9210  Doli  =  1  Russian  pound). 

1  Paris  Cubic  Inch  of  water  at  4°  weighs  10-836  Grammes  =  310-4 
Grains  Niiremberg  weight; — -1  Rhenish  Cubic  Inch  of  wutcr  wciglia 
17'891  Grtiinraos—  288  1  Niir, ; — I  English  Cubic  Inch  of  water  weigha 
16  851  Grammes  =  2641-5  Niir,  wt. 

1  Apiithecaries'  puiind  {12oz.)  weighs:  in  Auetria,  420-009  Qrntnmes 
— lo  Holland,  374  96  grm. — in  Engkml,  tniy- weight,  372-fia86  grm. — 
iti  BflTaria,  360  grm. — in  Nilrembcrg,  357-66301  gnn. — in  Hanover, 
357-56686  grm.— in  Swederij  3o6-22«87  grm.—in  PruBsia,  350-7S34R 
grm. 


WEIGHTS  AND 


jiwcWKter for  Liquid*  heavier  than  Water. 


I>eg, 

Boclt, 

Bailing. 

Beck. 

Baum^. 

s. 

it. 

a. 

b. 

a. 

fi. 

1 

l-()f15fl 

1  lOftS 

1-007 

26 

riHoii 

1-220 

1215 

51 

1-4286 

1-546 

1-531 

2 

I-IM19 

I  015 

1-014 

27 

I-ltl89 

1-2  HO 

1-225 

52 

1-4407 

1-563 

1-546 

■A 

1-OlhO 

1-020 

28 

1  1972 

1-241 

1-255 

53 

1-4530 

1-580 

1-662 

-t 

I'U'Jll 

1029 

I '02(1 

21f 

1'2057 

1'2&2 

1-245 

54 

1-4655 

1-59H 

1-578 

b 

I  'i>:tci:t 

i-u;Hi 

1  -tm-i 

30 

r2i43 

1-263 

1-256 

55 

1-4783 

1-59S 

I  (i:ifift 

I  04  3 

1-041 

31 

1  2230 

I -274 

]-2ti; 

2S 

1-4312 

1-634 

1-615 

7 

t-Ul2!> 

lOM 

1-019 

32 

t'2319 

1-285 

1-278 

57 

1-5014 

1  sr.3 

1-634 

8 

t'0494 

1-U.VO 

1-05? 

53 

12 100 

vm 

58 

l-f.179 

1-672 

I'fisS 

I  0:^59 

I'lifi; 

1-064 

34 

1-2500 

1-30S 

1-300 

59 

1-5315 

I'GDl 

1-671 

10 

1-«G25 

1-075 

i-o;2 

3a 

1  2593 

1-320 

i:ii2 

GO 

1-5451 

1-711 

1-690 

11 

i-ofioa 

1-060 

36 

1-332 

1-324 

61 

l-MIJfi 

1-732 

1-709 

12 

1  031 

i"Osy 

37 

1-2782 

1-345 

1-33" 

62 

15741 

I   / 1>.1 

i  J  £'3 

13 

l'flfl2» 

I  059 

1-095 

39 

12879 

1-358 

1-349 

63 

1-58618 

1-775 

1-750 

14 

Pliny/ 

1107 

1-104 

39 

I  '21(77 

1-371 

1-MI 

64 

I'fiOSS 

1-797 

I-771 

15 

1  US  IIS 

I-IIH 

1-1 13 

40 

1-3077 

1-.194 

1-375 

05 

1'6190 

1-819 

1-70S 

16 

I  10:19 

I  125 

1-121 

41 

1  3I7S 

1-397 

66 

1  «34fi 

1-842 

i-ai5 

17 

Mill 

\\M 

1-130 

48 

I-32SI 

1-410 

i-4(n 

,  07 

I'fiSO^ 

l-8fifi 

1-839 

19 

M16JI 

\Wh 

1-138 

43 

1-3386 

1-424 

1-414 

CIJ 

i-fifl(;r 

1  H'Jl 

1-864 

19 

I  152 

M47 

44 

1-3493 

1-436 

1-428 

69 

I -tie 32 

1  916 

1-885 

2U 

1 ' 

1161 

1-157 

4a 

1-3£0C) 

1-453 

1  442 

70 

1-7000 

1-942 

1-909 

21 

I'UOy 

1*1 7ft 

1-16C 

4G 

1-3710 

V468 

1-456 

71 

1-SG8 

1-935 

2t 

I  nafi 

l-l»t) 

1176 

47 

1'383! 

t-4H3 

1470 

72 

1  995 

1960 

33 

1'IS6& 

I -190 

t-lH.1 

18 

]'3934 

1-498 

1-485 

73 

2-023 

24 

1  I&44 

■  '200 

1-195 

40 

1-40SO 

1-514 

1'5(W 

74 

3  052 

29 

!?10 

l-20i 

1  4167 

11-530 

1-515 

75 

2  081 

The  mmIm  of  Btiok,  CaHier,  h,  aad  Betiuni^  h,  aro  taken  from  Om- 
li&tn's  Le/trOtich,  I,  158;  tliosc  of  Oartier  a  and  Beatimi;  a,  in  whicli  thd 
apMufic  ^l^vitv  of  water  at  12-5°  C,  ih  oeaumed  =  I  'OOQ,  and  lilvowiaO  tha 
0t»le  of  Gaj-Liissac*g  Alcoholt>iu«t«r,  ace  from  Mftroeoau'q  Memoir,  (^f 
PhftfTtL  le,  4S2.) 


ArmnutfT  JbrLiqttidi  li^hirr  than  Wai«r. 


Deg. 


JO 
M 

sr 

M 

ea 

u 
01 
<i 
«o 


0-'0«,1 

H-riu 

0-7142 

<i-:i-3 

0-7203 
0-7  234 
0';265 
ffl-j29fi 
0-732i 
0-7359 
0-7391 
0  7423 
0-7  45A 
0-74H9 
0-7522 


Cartier, 


Buimi. 


ft' 7-14 


tog. 


55 
54 
5S 
52 
51 
50 
4!) 
*S 
47 
46 
45 
44 
43 
42 
41 


BmIe. 

Cutivr. 

■■ 

A. 

D-75SS 

0-7589 

0-7623 

0-7658 

0-7692 

07:27 

o-rrra 

0-7799 

n- 1-83  4 

0-rN7l 

0-7907 

0-7944 

0-79< 

0-798I 

0-799 

O-flOlfl 

n-fln4 

0-8061 

9-809 

07M 

ores 

0-79t 
0-809 
OWf 

0-eit 

0-Mf 


WEIGHTS  AND  HEASUKES. 


Si 


Deg. 

Beck. 

Cartier. 

Deg. 

Beck. 

Car  tier. 

B. 

ft. 

a. 

6. 

— —  ■ 

40 

0-809^ 

0-814 

0-6114 

20 

O'g'947 



am 

«-934 

0  933 

o-ei3s 

0-819 

0-829 

19 

0'8!J94 

0-936 

0*9M 

^ 

0-8  2A 

0-834 

18 

0-9  B4  2 

0*9-12 

0-'J48 

0-946 

0-9212 

o-aao 

0-934 

0-839 

ir 

(|-!J.*9 

0-955 

0'95'2 

36 

0-836 

O-flSS 

0-81-1 

16 

0-9139 

0-962 

0-9&9 

35 

0-0292 

fl-fi4fl 

O-B-IS 

0-849 

15 

0-9189 

0-9>63 

0-969 

0-965 

Ai 

0'S333 

0-815 

OBAO 

0-8  5i 

14 

0'970 

0'976 

0-972 

33 

0-8374 

0-851 

0-Bi5 

0-859 

13 

0-9:d8S 

0-977 

0  979 

32 

0-84  Ij 

O-B.51; 

C-6til 

U'8G4 

12 

0-385 

0-986 

31 

0-8-)57 

IP  9UU 

0-869 

11 

0-9393 

0-992 

0'992: 

30 

0-8500 

0-|t67 

0'872 

0-87& 

10 

0'9444 

1-000 

1*000 

0-872 

usrs 

U  oHi 

n 

a 

2B 

0-879 

OS  83 

0-9050 

S7 

0-BS5 

0-S89 

0-832 

7 

0-9C0* 

Z6 

0-8b73 

0-891 

0-B9S 

O-P1O7 

6 

0-9659 

£5 

0-<7I7 

0-897 

0-901 

0903 

5 

0-97U 

U 

0'«7ri3 

0-903 

0-907 

0-909 

4 

0-9770 

13 

0'B80a 

0-9  H 

O'OIS 

8 

0'!)826 

82 

0'I1H<54 

0-911} 

0-921 

0  921 

2 

0-98  H  J 

£1 

0'B90Q 

0'923 

0'?2: 

U'9S7 

1 

0-9941 

6ay-Luttae's  Alcohotometir  {Al-ooometre}  al  IS". 


Sp.  Gr. 

Decree. 

Sp.  Gr. 

Degree . 

Sp.  Gr. 

Kp.  Gr. 

loo 

0  796  1 

7a 

0-879 

50 

093S 

lit 

O'BIl 

99 

0-8«0 

74 

0-881 

49 

0-9:1 8 

24 

U'972 

98 

O'BOa 

73 

0-884 

48 

0-940 

23 

0-973 

97 

&910 

72 

0'696 

47 

0-941 

22 

0'974 

SH 

0-814 

Tl 

0-888 

46 

0-943 

21 

O'tira 

95 

U'8l8 

70 

0'B9I 

45 

0-945 

ao 

0*076 

»« 

0-822 

69 

0-893 

44 

0-346 

19 

0-977 

93 

U'82e 

£8 

O-8S0 

43 

0-948 

IB 

0'97H 

92 

0  829 

fi7 

0  899 

42 

0-949 

17 

91 

0-83-2 

Ofi 

0-902 

41 

0-951 

16 

0  980 

90 

0-83!V 

«3 

o-so-t 

40 

0-9S3 

15 

0-981 

89 

0-838 

64 

0-906 

39 

0-954 

14 

0902 

•a 

0-843 

63 

0-909 

3S 

0  956 

13 

0  993 

87 

0-843 

G2 

0-911 

37 

0'967 

12 

o-ua4 

96 

0-848 

61 

0-913 

36 

0-959 

11 

0-986 

65 

0-851 

60 

0-915 

35 

0  960 

10 

0-987 

84 

0-854 

59 

0-91 B 

34 

0'902 

e 

0-938 

83 

0-857 

68 

0-920 

33 

0-963 

8 

0-989 

flS 

0-860 

67 

0-922 

33 

0  964 

T 

0'690 

BL 

o-ties 

56 

0-924 

91 

O'soa 

6 

D-V9a 

80 

0-865 

53 

0'y26 

30 

0-966 

5 

0-993 

79 

0'B68 

54 

0'92B 

29 

0'96; 

4 

0-994 

78 

0-871 

S3 

0'930 

28 

l)'9B8 

3 

0-996 

77 

0  874 

52 

0-932 

27 

0'9>G9 

2 

0-997 

74 

0-876 

0-934 

26 

0-070 

I 

0-999 

DESCRIPTION  OP  THE  PLATES. 


PlaTEB  1  AND  11,  CrjfSl<jlg. 

1.  Ht^hr  Syitem. — n.  Ilomoltedraf.    Fuj.  1 — 12. 
b.  UrmOiedraL—x.  TotniLedruii.   Fiy.  13 — 17. — &.  Pentagonal  Bwle- 

caliedron.    Fi(j.  18—20. 

2.  Square  Frirniatic  or  FQur-mfmlivrfd  Stfitrm. — a-  Hoimhcdrat,  Fig. 
21—39. 

21  and  22;  Anatase;— 23,  28:  Zircon;— S4,  27,  33:  Molybdato  of 
lead;— 25,  26;  HyJnte'l  ferntcyani<le  of  pula^iiiiu  ; — 28,  39:  Vesuvian; 
—30:  Acid  phoapLato  wf  poLa^li  {KO,  0,  PO'  +  2H  0)  or  acid 
Braeniiite  of  potash  (K  0,  2ll  0,  AsO*  +  2H0); — 31:  Sulphate,  seloniato, 
orcliromaUi  tif  eilvci'  and  ammonia; — 32:  Aprjphyllite ; — 34:  Collide  of 
mercury ; — 35;  N icltel-speiss; — 36:  Sulphate  or  aeleniato  of  ziucor  qickd; 
— 38:  Calomel. 

ti.  Hanihtdral.    Fig.  40. — Piiraanlphat-ftiiimon. 

3.  Two  and  tut>-iRtmhtrfd     Right  PriitPtatic  Sytt^t.    Fi^^.  41 — 80. 
41 — 44:  Snlptur;  45;  Tartar-emetic; — 48:  Iodine ji — 47,  48:  Sulphate 

of  lead;— 4f):  Sulphate  of  Kiryta,; — 50:  Nitrateofflilver;^5l,  52;  Clilorlde 
(kf  barium; — 53:  Hypcrchloratc  &r  hypennang'anale  of  potash  or  ammonia; 
•"54— SB:  Nitratio  «kf  jiotAf<h ; — 50;  Sulphate  or  ecleniat*  ofsili'er  or  eoda, 
and  liy[iemiangaiiate  of  harytn; — 60:  Camphor  &f  cubcfcs; — 81 — 63: 
Acid  phosphate  of  soj.o,  crystalline  eyateni  1; — Acid  ]iliospliate  or  ftr»e- 
niale  of  aoila.  System  2;— 6.5:  Morphia; — 66;  Hypoaulpliate  of  silver; 
— 67,  68:  Mellitatc  of  ammonia; — (?!>:  Bicarlioiiate  of  aiiiinonin; — 70: 
Prolochloride  of  mercury; — 71,  72;  Sulphate  of  niagocaia; — 73:  SulpLate 
ttf  rinc  or  niclie]; — 74:  InJIijo; — 75:  Chloride  of  mercury,  <-Rppcr,  niid 
|Kh[u8Htuiii ;— 7(1,  77;  Neutral  eulpliate  of  animoiiia,  or  ueulmt  eiilphato, 
etrleniato^  chromate,  or  man^nate  of  potiL^h, — Hi  Oxalate  <}f  uniiiiuiiia; 
—79:  Citric  acid;— 80,  Rodielle  s.ilt. 

4.  Tu'a-aiid-07v--!nemher/-d  or  Obliqn^  Priemutcc  S;j»(n>i. — a.  The  huie 
makintj  an  obli^tu  angle  wi'fA  the  obtvte  lateral  eifi/e  of  thr.  rhomlic  /tm/m. 
Fii/.  81—100. 

SI,  87:  Iodide,  tromidoj  or  chloride  of  potiusium  with  four  atoms  of 
water; — 82;  Choudrodite; — 8^:  Chlorate  of  potash; — SulpJ«te  of  niag- 
D«^A  nod  putuh ; — S5:  Sulphate  of  nickel  and  |K*Ia.«h ;— 66;  Chromate 
of  nminunia;— SS :  Hy]>ennaDgaaato  of  vilvor;- SD;  Pyropho^phat?  of 
soda; — 90;  DiearhoDatO  of  potnjih. 

ti.  Thr  aculr  latrral  tdrjf  af  the  rhombic  pritm  makijKj  an  oi/rgmj  an^lt 
lp£fA  dtr  Uj>r.    Fuj.  101— nS. 

01,  »2:  Augite; — !)3— n.;:  Neutral  pEioBphnte  of  ammonia  (2N  H*0, 
MO,  I'O*  +  a4H0}  or  an*aiate  of  anmionin.;— 30— 100 :  Ordinary 
|jho*pliute  of  aodft  (SNa  0,  11  O,  V  +  2411  O)  or  Rrseninle  of  eoda; — 
101,  102:  PhoBphflte  or  ar»eniatc  of  *oda  and  ammonia; — IU3,  105; 
BoT»i;— 106:  Acetate  of  load; — 1[)7,  lOS:  Pho^phuto  or  arf^eniale  of 
A  und  potfuh  ; — 109;  Tartaric  wid; — 110:  Acetate  of  copjk-r ; — Ul: 
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Frotosulphate  of  iron  m  eotMli;— 112:  Acetate  of  ane;— 113:  Acetate 
ofeoda; — 114:  Carbonate  of  soda  witii  ten  atoms  of  water;— 115:  Hy- 
diated  ferrooTanide  of  sodium; — 1 16:  Hrdrated  oarbonate  of  magnena. 

c.  Otu-and-two-membered  SyiAem.    Fig.  117 — 119. 

117:  Oxalic  acid; — 118:  Chromate  of  soda;— 119:  Salfibate  of  sods. 

5.  M^tdurlidCt  Syitem.    Fig,  120:  Hyposulphite  of  lime. 

6.  One-andrvnit-mimbertd  or  Dovbly  Oblique  Frismatic  Syttetn.  Fig. 
121—130. 

121 — 123:  Sulpbate  of  copper;— 124,  125:  Azinite;— 126:  Gallio 
acid; — 127:  Succinate  of  ammonia; — 128:  Succinate  of  soda;— 128: 
Boradc  acid;~130:  Alkargeu. 

7.  Tbree-aod-one-membered  SvBtem. 

a.  Sit-membered  or  3«x(tgonal  System.    Fig.  131 — 140. 

131:  Quartz;— 132,  135:  Sapphire; — 133:  Hyposulphate  of  strontia; 
— 134,136:  Emerald;- 137— 140:  C^cspar. 

6.  Three-atid-three-Tnemhered  or  Rhombohtdral  Syttem. 

a.  Fornu  derived  fiim  an  cbtute  rh»mbo&edr<m.   Fig.  141 — ^150. 

141—143  and  145—150:  Calcspar;— 144 :  Nentral  hyposulpbate  of 
lead. 

fi.  Fornu  demedfivm  an  acute  rhoa^oiednm.   Fig.  151 — 160. 
151,  153,  155,  156  and  157:  Specular  iron;— 152,  154:  Calcspar; — 
158:  SeB^ni-oxide  of  chromium; — 159;  Bed  silver  ore; — 160:  Cinnabar. 

Plate  III. 

Schemee  of  Chemical  Deeompontion. 

Decomposed  compounds  are  indicated  by  dotted  lines;  newly  formed 
ounpounds,  by  fall  lines. 

Plati  IV, 

Electro-cbemioal  Apparatus  and  Frooeews.   App.  1—38. 

25:  Daniell's  Constant  Battery. 

26:  Grove's  Battery. 

27:  Trough  or  Cell  Apparatus. 

28  and  29:  Faraday's  Voltameter. 

31  and  32:  Faraday's  Battery. 
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iXTRODlCTION. 


CkrxiETBY  is  a  bnnob  of  X&tonI  Science. 

Xucnl  Science  cmbnces  the  whole  mgc  of  sennble  objects,  tlieir 
fnftertHf.  as>l  the  cbanzes  to  which  iher  are  subject,  in  so  &r  ae  these 
dsifw  are  not  refenble  to  the  inv-ard  workings  of  the  homan  mind. 

SwiebraDrbes  of  Nsioral  Scienc«  consider  the  sererftl  clu»es  of  bo^iei 
■  a  Rate  of  re?t  aixordio;  to  their  atnatioo,  maziutiMle,  fonn,  strnctore 
al  other  |>fav?;cal  properties:  mcfa  are  Desenptire  AstroiuoBj'  aoci 
GhA<^.  MinenlozT.  BotanT.  Zool<^T.  Animal  ana  Vegetable  Anatomj. 
OAb  Innches  of  Nataral  Scienee  take  into  eanrideiBtion  Ute  dianget  to 
vUdi  the  TarioDS  classes  of  Uxlies  are  labject,  withont  reference  to  tbe 
onu  hj  which  these  chaogeB  are  bronglit  alKHit :  f.g^  PhTBMsl  Astio- 
mmv  asd  Geolorrv.  Animal  and  VegeuUe  PbTviologT.  Xosologr,  Tbaft> 
ftmaes.  Lastlr.  Phrfits  and  ClemistiT  regard  these  (Ganges,  not  aceordinf 
t»tLe  classes  \o  which  tbe  bodies  belong,  bnt  according  to  the  seTcnu 
fui ,  br  wfaieh  tbe  chaazes  are  prodnoed.  AU  the  changes  to  which  the 
Wdie*  of  the  anirerse  are  eobjen  maT  be  referred  to  the  foUowing  eaases 
mF<irtrr. 

I.  Kfj-ul-elon :  which  manifests  iteelL  ei^er  in  tke  form  of  Impene- 
tni^liTT.  or  in  thai  of  Expansire  Force. 

II.  .lffm-:*)V'n .- which  includes 

1.  M'^hanifal  AtlncSom,  hy  vliich  bodies  are  drawn  together 
whhont  an_T  alteration  of  thdr  properties  excepting  as  r^ards 
the  space  which  thev  orcapT;  and  this  mav be  mbdirided  into — 

a.  Gravitation,  <it  Attnctka  acting  at  a  distance  and 
between  large  masses. 

b.  C-Attioft.  or  Attraction  between  bodies  of  tbe  Bam  kind, 
and  at  imnMastmUr  small  distances  ooIt. 

c.  AdlKMmj  or  Attraction  between  bodies  ol  different  kindi^ 
actifig  at  immeasnisblj  small  distances  onlj,  and  pro- 
daeing  a  h^erogeneons  mass. 

d.  Chtnieal  Jttrodwa,  JJiniiif  or  Attaetion  between 
bodies  of  diffcient  kinds,  acting  at  tmmeaenrablr  small 
distances  onir,  and  jnodncing  a  bomogeneons  mass. 

IIL  Vifol  Fotrf.  or  that  pecaliar  power  by  which  the  most  important 
akeTStions  in  living  organized  bctdies  are  promiced. 

All  chmcef  prodnced  bv  mecbanicat  Attraction  belong  to  tbe  province 
of  Pbirica  :  tbe  phenomena  lenlting  from  rital  force  to  thai  of  Animal 
and  Veeeuble  Phvsiologr. 

Cb^imr  reUte~  exelosirelT  to  those  fjiangn  of  bodies  wbidi  are 
broiizht  ahoot  tr  Affinity.  Now  aoce  these  changes  consist — (1)  in  the 
combination  of  ^lisamilar  bodies  into  a  iHMDOgeoeoDs  man,  and  (2)  in 
oeeaRoEa^lj  resnlting  separations  of  dissimilar  kinds  matter  firoiB  a 
bomc^eceoos  inase,  it  follows  that  Chemistij  mar  be  defined  as  tbe 
aeienot  whicb  tnats  of  the  combtnation  of  diasimiiar  bodies  into  bomo- 
gatKJos  masses,  and  nf  the  sefiantion  dissimilar  bodies  from  bomo- 
ceMOBS  manes. 

TJL.  1.  tt 

f. 
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tNTUODUCTION. 


The  mnge  oT  Chemistry  thue  marked  out  is  enlarged  ilie  followiug 
coDBiderutious. 

1 .  I) y  »  abort  account  of  Coheaioti  a.nd  Adheaiou. 

2.  By  the  enumeration  oF  the  physical  properties  of  the  elementary 
boilioB  aiid  of  Llie  cumpooeidg  formed  by  tlieir  matuji]  affinities,  purligularly 
of  thuse  wliicli  do  not  como  wilbin  th«  province  of  Mineralogy. 

On  the  other  hand,  the  ran^ei  of  the  scicUre  is  narrtiwed  by  the 
conqiderftlioQ  that  the  rolnlions  of  the  Inipomlpniblea  net-d  not  he  treated 
ia  all  thctr  dcinil,  inntTnuch  as  the  study  of  tht^se  bodies  furniti  an  iinpgrt- 
ant  branch  of  physkal  scisoce. 

Cljeniiatiy,  regarded  as  an  tndopendent  Aclenco  embracing  the  whole 
range  of  chemical  knowEedgo  and  rfgArding  the  eheniica!  propertiea  of 
the  various  kinds  of  inatLer  witliout  rcferr'nce  to  any  ftppliralhou  of  theim 
beyond  the  hounds  of  lie  science  itfielf.  is  diatiiijStuished  by  the  tiann?  of 
I'nrf,  Titearetiial  or  PhUoxophictif  C'heminlry.  And  inasmuch  as  jiarti- 
eular  branches  of  it  Bcr\-i?  to  fLrow  W^hi  on  other  sciences,  theae  sercraL 
branchci!  htive  received  the  narnea  of  Physical,  M ineraJogicai,  Physiologic 
cat,  Mfdifalf  A^friadhrral  CJiemistry,  Ac. 

Chemistry  ia  an  Art  tia  well  as  a  Scifnee.  For  it  teaches  not  only 
what  uombinationti  of  dlsi<iniilar  bodiea  into  Lomo;n:enGuii8  masses  and  what 
derompositinns  of  tlioae  latter  are  pu.suible;  hut  likewi^o  what  rules  must 
te  followed,  what  incchaiiictil  ineana  must  he  ndujited  to  bring  ahuut  llieso 
Cenihinations  and  dccoTnpnfiit.iong.  This  \e  P radical  Chmigtrif.  It  is 
eubdivided  into  .Sj/ntfietimf  CJirmiMrtf  ihc  objeet  of  which  is  the  union  of 
dissimilar  bodies  into  homogeneouB  niaw-cs ;  and  Analytical  Chemistiy 
whieh  teaclies  how  1^  detcrt  llie  several  cronstltuentE  gf  a  compound  hody 
and  estimate  their  ^nautities.  The  art  of  vlsja^iVc?  or  Pfdmn^i/,  which 
relatfs  to  the  detect'on  und  eatiniatian  of  the  precious  meUiU  in  tlicir 
vurions  poni  poll  mis,  is  &  branch  of  analytical  cheinistry, 

AjipUfd  C'iimtii^ty  coniprehendji  the  art  of  preparing  the  variotii 
Buhatances  uspd  in  tb(>  ordinary  businees  of  life,  in  so  far  as  sneh  preptini- 
tioQ  is  baaed  on  choniicilil  principles.  \ts  divisions  are  :  Pharmacfuiical 
Vitenti*lfy  whieh  reJiitcs  to  the  prepftration  of  siibatances  tised  in  medii-inO; 
and  Trciiiiical  Chrminli-i/  whicfa  is  concerned  with  arts  and  manofiicturp*. 
This  liitter  i»  u^ain  snbdividcd  aecordiug  to  the  sereral  products  whoaa 
preparation  it  enibrft(!«aj — ind  mom  particularly  into  the  following 
branches:  t'iz.  Metallurgy,  or  the  producleoii  of  mptnls :  /-(/Ahm/^,  or  the 
diomietty  of  minemle :  Hyalurffy,  or  the  chemistry  of  glaM-inaking: 
Phloffurgy,  or  ihecheraiatry  of  combustible  bodies;  or  ctpniielry 

of  «alt«„  Bcida  aud  alkalie:  ChrMunrgy^  or  chemistry  of  eoloura:  Z' 
iechny,  or  chemutry  of  fermentation,  kz. 

Historical  SituTRV. 

In  nneient  timGa  the  prOj[r«»  of  cbeniifitry  waa  ilower,  in  inodem 
titOM  it  has  been  more  rapid  than  that  of  any  other  science.  Up  In  the 
40*1  of  the  aevonteenth  century,  rhcmical  knoM'leilgo  wu  confined  to  a 
few  l»olated  fact*,  either  relating;  to  melalhirgy  and  other  ch<^mie»l  nrts  or 
to  the  pr4>piimlion  of  medicines,  or  such  a»  were  aceidcntnlly  discovonxl 
diirinf;  the  friiiclrN«  nearcb  of  (lie  alclie^iiisU  after  the  philosopher'"  fctone, 
tlie  traiiKmutntioii  of  mrtaU,  tH-e,  The  mnrshallin^  of  these  fae|«  into  a 
rrifidar  ^sleni  waw  l)e^tm  by  Hfcber  and  Slalil  about  the  end  of  iho 
■cn-iit[>enth,  and  broncht  to  u  uioro  n<lr«nc9d  atn^  by  lAvomec  (owardc 
the  end  of  the  Pi^htcenlli  century. 
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Among  the  nationa  of  antiquity  the  Egyptians  appear  to  tiavepoaflSSMd 
the  great*-:t  amount  of  cLemical  knowledge.  Tliey  prepared  sal'iuuTnciiiiao, 
mdn,  common  salt,  vitriol,  glaas,  enarncl,  tllea,  painted  eartLenvn!iro> 
seven!  nietale  and  nietaLlic  a.Hoy»,  aoap,  beer,  yinemr,  various  medicines 
ftnd  pigraxints,  Atid  knew  htw  to  Bx  colours  on  silk  hy  means  of  mordaaLs, 
and  to  pre^erre  ficad  bodies  from  decay.  The  kDowlcdg^  of  the  Egyptians 
e!Et«adL>d  itself  tq  otber  nations,  particularly  tlio  Jews  imd  Greeks. 
Wliellwr  tbe  Chinese,  who  have  '"ng  bq^n  ftcijuainted  with  tie  preparation, 
of  eutphur,  nitre,  guiipowder,  liorsix,  alurn,  porcelaiu,  verditrris,  paper, 
logetlier  with  dyeinp  and  the  forniatiou  of  various  metallic  alloys,  are 
partly  indelitvd  to  the  Ei;yptiana  fgr  their  kuowledge — is  a  •jucsLioa 
wliicli  must  remain  undecided. 

The  Greclts  sought  to  penetrate  tins  secrete  of  naturo  less  hy  accurate 
obaerratioti  thaji  hy  speculative  enquiry.  TLo  assumption  of  the  four 
elements  (fire,  air,  earth  aud  water)  hy  Anaximander  and  other  Grecian 
pliilosopliera  affords  evidence  how6S"er  of  a  ri(jht  conipreiiension  of  ilio 
four  principal  etates  in  which  mattRr  can  exist.  Less  conformable  to 
natnre  is  the  opinion  adopted  by  Aristotle  and  others  that  all  matter  is 
t!fisfln|.ia3[y  the  flame,  and  that  the  variou:?  forme  of  it  are  due  mfrely  to 
differences  of  ehapo  in  the  ultiniatQ  particles.  The  Roinaua  derived  all 
their  chemistry,  as  indeed  all  the  rest  of  tlieir  knonledge,  from  the 
Grecka  without  making  the  anmlletit  extcueion  of  it.  The  migration  of 
the  northern  nations  and  the  overthrow  of  the  Roman  empire  put  a  stop 
to  the  progresa  of  seienec  in  Europe. 

On  the  other  hand,  from  the  BDventh  to  the  elerentli  centnry,  the 
sciences,  and  chemLatry  in  particular,  obtained  protection  and  cultivation 
among  tlie  Ambs  who  had  spread  themselves  over  Spain  and  tlio  north  of 
Africa.  Their  chemical  mvdstigations  were  chielly  directed  to  tho  pre- 
paration of  medieiues  and  t\\Q  conversion  of  base  into  noble  metals.  They 
aimed  at  preps-ring  substances  which,  like  the  philosoplier'a  stone,  should 
free  the  base  metal  from  its  imperfect iona  or  hlemiahea  and  thereby 
>COavert  it  into  a  noble  metal :  they  holievcd  also  that  such  a  substance  or 
■one  of  like  nature  woulJ  restore  the  nick  to  health  and  oven  tender  man 
immortal.  Henco  they  laid  the  foundation  of  Alchemy.  Geber,  one  of 
the  earliest  chemiats,  m^o  lived  in  the  eighth  century,  waa  acquainted  with 
joilk  of  sulphur,  nitric  acid,  aqua  rcgia,  soJtition  of  gold,  nitrate  of  silver, 
icorrosivo  suhltinate,  red  oxide  of  mercury,  the  preparation  of  litharge,  iiv. 
Alhukisis,  towards  the  end  of  the  twelfth  century,  dcflcribed  a  form  of 
Btill  like  that  at  present  used  in  the  distillation  of  braiidy;  also  tho 
distillation  of  vinegar  and  wine.  The  worda  A/kali,  Alcmol^  Aladcl, 
&c.,  which  are  still  in  constant  tiae>  originated  with  the  ArabH. 

The  crusades  served  to  tninaplant  tbe  i^heroieal  knowledge  and  viowa 
of  theAraba  into  Europe,  where,  agreeably  with  the  mystical  tendenciea  of 
tto  Qge,  the  theory  of  tran.tm uCation  found  eiipt>cial  favour ;  and  while  it 
raised  up  persevering  alehemi-'its  who  employed  tbeniselves  in  esperimenta 
labonoiiii  as  they  were  fruitlesH  for  the  pnrjtoso  of  obtaining  gold  from  (he 
baser  metals,  at  the  same  time  gave  birth  to  a  host  of  imposLora  who 
turned  the  credulity  of  others  to  tliotr  own  account.  Thia  rage  for 
alchemy  eonU'Diuod  in  Europe  from  the  thlrteeuth  to  the  eeventoonth 
■century,  and  though  it  faUed  in  uttniiiing  the  end  proposed,  gave  rise  to 
tbe  discO'Very  of  a  mass  of  facts,  which,  had  it  not  been  for  this  thirst  for 
gold,  would  in  ail  probability  have  loiig  remained  unknown.  Among  the 
most  renowned  ol  tie  n-lthcmiata  were:  Arnold  de  Villa  Nova  in  tbe 
tUrte«titli  century,  E^imuud  Lully  in  the  fourteenth,  Ba«il  Valentino 
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J^Im«I  tW  fan  ali—ttti  of  tW  Gncun  pfciliMDpli«n.    Pnm  thu  Lin* 

re  sad  mtc,  mtil  lowib  As  «b4  ike 
•f  Uw  lyiM  liwn  mAiff  mMb 
■■  nil,  Otofirajr  rrtlMfaiil  lU  fini  r«61>  ^  Afmiiitt. 
\mMtm  yMAmA  im  i;3S  a  cfccoml  work  <ioBtMiiif  nuj  origbat' 
ifaiiwn  flo  lifH  bMt.         Halea  b  17S4  hudtvtrd  Mrcnl  axpeii. 
aMato  oa  Um  ur  u>d  other  aarifara  botfico.    TImm  expennaiU  w«ra 
iMvam  nvHi  aura  iaeMaftil  ia  tb»  haada  of  Bhcfc,  vho  ta  ITMi 


ifemd  tWl  tk«  limit  of  air  giTva  ont  bj  fafwwlw  Baddf  and  FVolrc4i 
ktm  W  tU  artioa  of  aoda  i>  difinafc  ftaai  ateaiiplMrio  air^  and; 
IIm  flMif  tlie  mU#nUoa  <if  experiawBten  l« tlw  were  aeratale  inree- 
tiyliM  af  aerifof  bnlHH.  M.rKnff.  1751— 175it.  Sm  pstabliM  tlw 
*'*'5^i*  alumina  «  tliaUnrl  (vnlu,  ilie  only  oarilw 
fmnaaajr  ■veagaitail  herein  lino  a.nil  «itica ;  be  ml#o  prodnenj  siuar  from 
Mlin  plaam  aad  diMovnwl  Orfr  pbcMiilulUn  io  urine.  ScWIr,  between 
Iba  nan  J773  ami  I7s«,  diMomed,  wilh  xvrr  sl«nt|er  tn««Il^  chlorihe^ ' 
tba  bjpidraiaoffic  aitjwu.  pnuae,  tangvtio,  n'olTbdir,  araeoie.  lartane, 
«K  Malia;  laetie.  callie,  and  am  aciil* ;  hsryU.  RuupuitM 
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(portly),  oxygen  gus  (discovered  jiist  hafura  hy  Priestley') ;  he  also 
(lemoastrated  the  preaento  of  phnsphoric  ixcul  iii  liotipa,  ami  iiistltutefl 
mnay  ingenious  espei-iitients  on  ii^lit  itud  hunt,  wliicli  lod  liiui  to  tlie 
aiJoptiou  ofii  new  tlioory  of  (■ombuRtiun.  Bergman  jwrfcctod  the  iloctriiif! 
of  Affinity  and  made  eevcm.!  experiiiicntH  on  carboniti  aciii  iind  other 
luattera,  bQaides  many  auccoseful  auiilyaea  of  mineral  Bubatancos,  Caven- 
dish,  who  first  colltjcteil  giLses  over  water  ineLead  of  roceivjug  tlicm  iu 
bla-lders,  was  aljio  tbe  first  to  iligtiiig-uish  hydrogen ;  be  likewise  dis- 
covered tLfl  fnrniiition  of  carbuuic  ueid  fey  the  cnnibuatiun  of  charcoal,  tbe 
composition  of  water  and  of  nitric  acid  (1765 — 1785).  Prieetley,  wlio  first 
cotlcL'ted  (rase*  over  nioruury,  diecovered  in  1770  and  the  fulluwiiig  year-*, 
osygen  gas,  prol:o:^ide  of  nitrogen,  carbonic  oxide,  timiiioniftcal,  sul- 
jihuroiia  acid  and  miiriatiu  acid  ga«ee  and  the  giweoua  lluoriilc  of  ttilicon  : 
he  also  Grst  obeorvud  tbo  diseugugemettt  of  oiyyen  ga«  from  the  grecii 
parta  of  pL-LDts. 

Antoiiie  La-tirenl  Lavoisier,  whose  philosophical  career,  begun  ia  1770, 
■wiis  nitblcMly  cut  short  in  179-t  by  the  guillotine  of  Uobeapierre,  not 
only  jterceivcd  the  dcferts  wLitli  Inter  discovertoa  had  made  manifest  in 
Stalil'e  theory,  but  avnilcil!  hmt.'^elf  of  theao  discoveries  together  with 
certain  cxpermueiits  of  hia  own,  made  with  a  degree  of  accunicy  in  the 
determination  of  weights  aud  volumes  tjuUe  tisliuown  before  Lia  time,  iu 
order  to  eetablisli  a  theory  iu  opposition  to  the  jihlogiatic.  and  thenc-e 
called  the  Anlipklogutic  theory  ;—attcmpt8  at  the  establifibment  of  such 
a  theory  had  been  made  by  Rey  in  1G30  and  hy  Mayow  iu  1670^  but 

WitkuUt  BUGCeSB. 

The  long  estnbliolied  fact  that  combnstible  bodies,  such  na  metals,  do 
not  lose  but  gniii  weiglit  when  burnt  (eld  attempt  at  esplnnatlon  liiid  becu 
nmde  by  euppostiig  ft  fixation  of  tbe  fiery  piirtieles  to  take  place)  wius 
placed  lo  a  clearer  light  by  Lavotsior,  who  eliowod  tliut  this  iacrcatje  of 
weight  14  eiactly  c(|ual  to  the  weight  of  tUe  oxygt'O  gaj9  absorbed  by  the 
cumbn«tible  body  in  the  iict  of  buniiug.  On  the  other  hand,  he  abowed 
that  in  the  conversion  of  a  burnt  body  into  a  cnnibuatible  body,  a  do- 
crease  of  weight  takes  place  in  spite  of  the  phlogiston  which  wiis  buji- 
poB©d  to  be  absorbed.  He  denied  the  esistence  of  phlogiston,  rogardod 
Coinbustiop  as  the  combinattoB  of  a  conibustible  body  with  oxygeu,  ac- 
companied by  a  development  of  light  and  heat,  and  the  conversion  of  a 
burnt  into  a  conibuj^lible  body  its  resulting  from  the  sepuration  of  oxy- 
gen. To  hioi  also  wc  aro  indebted  for  the  discovery  that  the  diamond  is 
carbou,  rbiit  carbonic  acid  is  a  compound  of  carbon  and  oxygen,  that 
water  ia  dcc^inpuMcd  by  ted-hot  iron,  that  the  earthy  matter  deposited 
when  water  is  heated  in  ^Xaas  Tcsaels  ia  derived  from  the  gla«8  itaclf — ae 
well  &a  many  vrell  doviecd  invcatigations  on  heat,  respiralioUj  transpira- 
tion. &c. 

Prom  this  lime  fornanl  Chemistry  rulvaneed  with  twofold  mpiditv, 
parllj*  through  the  zeal  of  the  adhcrente  of  thti  new  theory,  partly 
through  that  of  their  opponeuta,  who,  while  they  endeayourod  to  over- 
llirow  it  by  new  rcaearehefl^  really  contributed  to  ita  eBtublishment  and 
eiitenaion,  Berthollet  who  in  17S7  was  the  liret  to  attJick  the  new  the- 
ory acquired  great  reputation  by  hie  researches  upoo  Chlorine  and  upon 
the  doctrine  of  ufliuity.  Fourcroy  undertook,  particularly  iu  conuexioq 
with  Vunt|uelin,  more  em et  analyses  of  orgsnio  substances  and  several 
other  iHvestigatione.  The  latter  in  the  course  of  his  uumerona  anaJytical 
researches  discovered  chromium,  gincina,  and  several  vegetable  8hI>- 
■taucee.    KJajirolh,  to  whom  mioejal  aualyatK  is  moat  deeply  indebted. 
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Tlie  combination  may  be  tlestroyeU  by  a  nieclmnical  freasure  or 
tltrnst  Btroti^  enough  to  overcyme  tlie  coliesion. 

The  force  of  colt^aioti  rariea  with  the  tumperatme  a.iid  witb  the 
nature  of  the  body. 

It  is  a  g'eneral  rule  tLut  the  cobcaion  of  a,  b«dj  dimiuisbes  it^ 
temperature  itn-reaaee.  A  lieftteJ  liquiiJ  forma  smaller  dropa  tbati  a  cold 
oue  (sulphur  alone  forms  an  exception  to  thia  rule,  iDcreasiug  in  conaiat- 
puce  aa  ita  temperature  rises);  hard  bodies  when  heated  generally  become 
Bofter^  sometimes  ereo  fluid,  provided  no  chemical  changes  tako  place  la 
tbeTu. 

Bodfea  Diaj  be  divided  OiMordin^  to  their  cohesive  power  into  four 
cluescs.  (I.)  Imponderabte  Bodies,  ae  light,  heat,  electricity  and  mag- 
uetlsm.  lu  these  the  repulaive  force  the  antngunist  of  the  fittroctive 
predoininulea,  nnd  Done  of  the  plienonieaa  which  they  exhibit  are  such 
as  to  make  it  probable  that  n  mutual  attraction  or  cohesion  Is  exerted 
between  their  particles.  (2.)  Fundi: rfiXilf  Elastic  Fluids,  y'lx.  GssQa  and 
Vapours.  In  these,  the  pondcmblc  matter  is  rendered  t^o  highly  elastic 
by  its  combination  with  heat  that,  ^euentlly  epeaking,  »11  their  kuown 
properties  inay  bo  explaiued  without  umpposing  tlicm  to  he  possessed  «f 
cohesion,  unless  perhspa  Faraday 'a  experiments  [Qn,  J.  of  JSc.  3,  354, 
aliju  Ann.  Chim.  PJti/s.  t.  on  the  diflerent  velocities  with  which 
ditTcrent  gases  flow  through  narrow  tubee^  may  be  explained  by  supposing 
difi'erent  degrees  of  cohesion  to  exist  in  the  various  gasea  (3.)  Liquids. 
These  Enay  receded  ns  combination^  of  ponderable  matter  with  amaUer 
quantitiejt  of  heat,  sufficient  to  produce  a  remarkable  diiiiinution  of  the 
OohesioQ  peculiar  to  solids,  but  not  to  occasion  any  seiisiblo  repulsive 
power.  {4.)  Solids,  In  these  the  Cohesive  power  exhibit*  itself  in  its 
highest  degree. 

Cofitsion  of  Zi^uidt. 

Thia  force  ehowB  itaelf  in  the  tendency  towards  the  spherical  form, 
inasmuch  aa  the  effort  of  all  the  several  particles  of  a  licj^uid  niasa  to 
approach  each  other  oa  closely  as  possible  mast  result  in  the  ofKumption 
of  the  spherical  form.  Since,  however,  the  li([Utd  nmsa  is  subject  to  the 
iuRueiice  of  other  forces,  gravitation  and  adhesion  for  instance,  the  sphe- 
rical form  cau  never  bo  perfect;  e.  if.,  mercury  upon  gSass,  water  upon 
gla^  nhicit  haa  been  smeared  with  fat  or  lycopudium. 

The  troheaiou  of  ltr|uid9  is  aUo  shown  by  a  certain  resiManca  which 
they  offer  to  the  force  of  gravitation,  when,  in  order  to  obey  that  force, 
they  would  bo  obliged  to  divicJe  themselves  into  very  auialt  parts, — sup- 
posing that  the  cohesion  is  not  at  the  i^aine  time  opposed  by  adhesion  or 
agitation.  Thas  mercury  will  not  mn  through  fine  muslin,  nor  water 
through  a  metal  sjevo  covered  witb  fat  or  I yfo podium. 

The  cohesion  between  the  partielea  of  a  liquid  being  small  and  equal 
in  all  dircctionii,  the  slightest  foree  ie  aufficicnt  to  diaturb  them.  The 
motion  of  one  part  doe<i  not  prodtice  an  equal  and  parallel  motion  in 
all  the  rest  of  the  niHiss,  whereas  in  solid  bodies  the  application,  of  a  slight 
force  produces,  not  a  disruption  of  the  parte,  but  an  equal  and  similar 
motion  in  the  whole  moss. 

Diflerent  liquids  exhibit  different  degrees  of  cohesion  :  tbs  cohesiva 
power  la  for  the  most  part  very  nearly  jiniportional  to  the  detisity. 

Cohesion  of  Solids. 
This  force  ahowa  iteelf  particularly  in  three  ways. 
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la  AM«M*«aLi«iM  fbm  UioU  bj  tke  iiiTiiHarr  vkidh,  ap  to  a 
~  tk,  ft  arfMH  la  M>7  mecWucal  falW  Iwiiie      HfaiaUl  tfao 
Bcaca  iW  Cam  vhid  b  exactly  lagiiiai  la  ommM  the 
I    a  bwhr  iCii  h  a  mi^iia  of  ikat  cahHiM.   <Ob  ibe  tesaeity 
«r  Mah.       Hamu.  .<(«i.  OIml  71,IM;  aba  COL  24. 309.) 

S.  Wiaa  iwarali  ■iti  ^  hka  aataie  cwa  nrto  daae  eoalact  with 


If  ^  atAeei  ate  laiiia,  tW  faiab  af  eaatart  an  ia&iilelr 
aad  tke  celwna  fime  dUHCSpliUB.    Bat  if  iWindieB  teaeh  eacL 

al  pate  af  eoMac*  H  gnaUy  iaeiMaadi,  Bad  Ifaa  aofacaMa  beoMDM 
If  cWaai&eM  toacM  at  allpanfci,  Oa  wAnNa  of  the 
ba  aa  pavBriol  ia  ikia  direetioe  ai  ia  aay  alber. 
W&aa  bedka  pan  mlaany  from  ^  Uqnid  to  tbe  soUd  «Ute. 
Ia  lUaoBM  IW  pattKlee  uorte. 

(I.)  Ia  Bwaea  of  iadefiaite  extaraal  fena,  which  refract  light 
iiagly  ia  ewiT  direedoa,  an  eqaaUy  eaiy  or  e^^oally  diScolt  to 
wpaiali.  ia  all dSiactioa^  and  ahwi  Wafcta  exhibit  a  coachoidal 
ftaetan;  JaiuffAom*boik»,mBka»^»m*nigam. 

Or. 

(S.)  la  BMaaaa  of  mmetrieal  dapp,  booaJed  by  Oat  warfares,  and 
liaTfagMdidaad  dibedial  an^tea  of  coaataDl  miifnitude  for  the 
MBw natter  aad  form, — baringacgmt  a  de^rv^  of  transfiarea^ 
M  {■  eoaiialeat  wHh  lbs  nature  of  tb«  matlt>r  of  wbich  they  are 
faf—d,  fat  the  moot  part,  rebacting;  light  doably  in  rertain 
dircctioAi — and  gnally,  preaeoting  grnter  rwiilitiea  of  aeparslioa 
or  cleavaM  io  ct-ruia  dirHUoos  lyiri;  in  dc-bfrminate  phaea 
lhaainouMn;  Crytlals-, 
If  any  faod'ioa  are  more  dUpoecd  to  the  atooipbous.  others,  to  the  crye- 

talliaff  fonn :  a  preat  many  may  howevc-r  be  obtained  la  one  state  or  tb& 

fiiharj  aoeording  to  etreanutai)ce«. 


CaTBrXLtlZATIOTr. 

To  enable  a  bwly  to  cryBtaUizc,  it  niuft  first  be  brougbt  ip(o  the 
lH(oid  Of  ^aaeouw  stale.  This  U  cITrcted  citbvr  by  elcinti^u  of  leiiip«rai- 
Xnn,  ill  '  ■  I  ■  I'leao;  of  which  the  body  melts  (Cnppcr,  Bismmb)  or  eul»- 
Itaia*  '  loiaic,  Todice), — or  elfe  by  caming  tiie  body  to  colnbino 

with  tkiK.ri.i  r  jiundTafdo  bodr,  ^bich  either  at  the  onltnarv  ur  at  n 
what  liifchc-r  U^nip^ratiir*  is  'licjuid  or  gaae^tm  (sails  di»«>lTc<l  in  wat«r, 
*ut|jbur  in  «alphurct  of  carbon,  sulphate  of  baryta  in  oil  uf  vitriol,  oun^ 
I'lior,  iM-ijftuio  acid,  Ac.  in  alcohol,  i™lin«  in  hvdriiHlic  acid  g»s) : — tho 
caaaaa  whidi  hare  brought  the  body  into  tlie  fluid  ^tato  miut  eubeo- 
foaatly  b»  lemored. 

1.  If  Itcat  baa  bam  the  only  liqnefying  ^wer,  or  if  it  has  eprvcl  tx> 
n-n  Jer  a  uA\A  more  eoltit>l«  in'  a  floid,  cooling  must  be  retorted  tt^.  To 
olrtail)  dafinito  rryvtalj  frnm  a  ntallad  aiaas  (nil(>bur  or  a  nictiU  fur 
iialailra),  it  U  alluwtHl  lo  c^wl  lo  a  eartaja  extent  only,  and  Lhn  yet 
frmaininc'  li'iuid  j'ortUio,  nhich  if  left  in  rontaet  with  thu  first  fonaad 
vmtala  wonl'l  iiKilQ  witli  tliem  iutu  sii  amorfdioaB  mjus,  [Kinml  oat. 
The  vajKMir  of  "uliihar,  icxlinc  or  ral-animon lOc  ts  I'ondiictcd  Into  a  rohlor 
|«rt  of  the  njt|>itnitu«,  whi-rr  it  dr(Kwil8  cryataln.  A  warm  aolution  of 
rariou  lalla  m  water,  of  unlphur  in  Hiil|)hurpt  of  oarbou,  of  camphor,  &e. 
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in  alouhyl  Jeposita.  upon  ooolitijff  in  tlie  ciystallinc  etato  that  portion  of 
the  s'vliil  bwly  -wliiiAi  tlio  Liquid  is  nob  capuule  of  roLainLitg  in  eolutioa  at 
the  ItJwtT  tenirw-Tature, 

A  romurkiuilc  anomaly  is  often  observt'd  in  tbe  cnoling  of  auch  aola- 
tions,  viz.,  that  tvheii  kept  perfectly  atill  anil  in  covered  or  etop^iere*! 
vessi^le,  itiey  mny,  without  losing  tdeir  liquid  form,  be  crool&l  much  below 
the  t^rpperature  lit  which  they  uaually  crystitlli^o ;  umier  these  circum- 
ataacca,  a  sudden  crvstiiUizatiwn  may  l)o  brnuglit  ahout  by  agitation,  tlio 
introduction  of  a  soliii  body,  Siq~,  Sco.  Of  this  the  following  are  examples. 
Water,  whea  cooled  in  open  vessels  and  not  at  absolute  rest,  below  0"  C, 
solidifies  in  a  cryslftlline  niit^s;  but  in  stoppered  bottles  or  thermometer 
bulbs,  it  may  often  b<;  cooled  >is  low  "  (t^  without  freezing,  and  when 
tbc  veaael  is  ttbuken  or  opened,  or  a  piece  of  ice  put  in,  crystallization 
suddenly  takes  place,  the  crystnJs  beginning'  to  fonn  at  eeycral  points  iit 
once  and  quickly  radiating  tbroagh  the  liquid;  the  tempepa.ture  at  the 
same  lime  rises  to  0'.  The  formatjon  of  misti  over  the  eurfa«e  of  lakes 
aometimea  observed  at  tbe  moment  of  fcecEing  is  periiaps  dependent  upon 
this  action,  Pnre  phosphonia  melted  in  a  capsule  under  warm  water  will 
rPToaiD  all  night  en  the  liquid  state  at  a  toniperature  of  i-^"  C,  and  snlidily 
when  poured  out  upon  the  hand.  (Clark.  Kd.  Joum.  n/  iSe.  7,  281.) 
Phospbunis  boiled  with  oaiiatic  potath  retains  its  fluid  etate  at  the  ordi- 
nary temperature  for  months.  Trhcn  kept  under  the  aolution,  and  aolidifiea 
when  touched  with  a  dry  solid  body.  (PoggondorfT. )  Sulphur  sublimed 
in  small  mellod  drops  retains  its  fluid  state  over  ni^ht  at  the  ortitnary 
teiuperature,  and  eolidifiea  when  touched  wiili  any  solid  body.  (Faraday, 
^u.  Aiir.  q/  -SV.  21,  302;  also  Fo</g.  7,  240.)  Sulphur  precipitated  by 
water  from  chloride  of  sulphur  remains  fluid  at  the  bottom  of  the  liquiu, 
hut  eolidiiied  immediately  on  exposure  to  the  air.  (PoffgendorfF,  /'uy*?. 
7,241.)  Glacial  acetic  acid,  which  iu  open  veeeek  crystaUiiesat  +16"  C., 
may  be  cooled  to  —  12°  even  with  agitation  in  stoppered  bottles  without 
6vlidifyti)g:  if,  however,  the  Teeeel  be  opened  and  sbfLkeii]  it  crystallises 
At  +  15",  evoQ  'wheu  tbe  outward  air  is  warmer  thaii  the  acld,  the  crys- 
tallisation befrinninp  at  tbe  top  and  quickly  shooting  through  tbe  whole 
tnoM.  (LowiU,  Crell.  Ann.  1790,  I,  209;  Geiger,  A'cAw.  15,  zai.)  Oil 
of  wiiee,  when  cooled  at  rest  in  »  closed  vee«el,  often  remains  liquid  till 
it  IB  i<haken.  cry^talUtHtion  then  lakiug  place  instantaneously.  (Buclnier, 
Hepert.  Sclmijrerite  after  fusion  may  bo  kept  in  the  liquid  state 

at  ordinary  temperatures  for  several  dayjt,  and  crystallizos  instantly  on 
hein^  tMucliod  with  a  platinum  wire  or  glass  rod,  (Stroincyer,  Kattn. 
ArcJtiv.  lU,  114.) 

Many  salts  disBolvpd  in  bot  water  eililbit  thia  auOiraaly,  e^iecially  sul- 
phate of  soda.  A  hoi  solution  coneiatiiif;  of  cipial  parts  of  water  and 
ciyalaJlixed  Glaicbet's  salt  (sulphate  of  soda  with  10  atoraa  of  water  of 
oiTBlAllization)  does  not  crystallise  eithpr  on  alow  cnolin):,  or  when  quickly 
cooled  bj  imniersioti  in  cold  water, — whether  it  be  contained  in  a  baro- 
meter-tube fr«cd  from  air  by  boiling;  or  in  au  (-xhausted  well  closed 
TSimI;  or  in  an  opfn  vessel  with  a  layer  of  oil  of  turpentine  upon  its 
anrfaw,^  (Qay-Lussac) ;  or  in  a  vcssol  containing  air,  eitber  well  stopped 
or  merely  fiimisbed  with  a  loose  cover,  (Scbweicgcr);  or  in  an  ojien 
Teasel  under  a  hell  jar  full  of  air  and  closed  at  the  bottom  with  a  water^ 
joint;  or  in  open  bottles  placed  iu  n  quiet  situation  ;  or  in  an  open  glass 
eneloeed  in  a  atoppored  vessel  containing  air  and  sonic  potash  to  dry  it,  in 
which  Glaulier'rt  yalt  eninroHccB  aud  when  washed  down  agnin  does  not 
cmQBO  iQBtaut  rryataliization  but  disaolvee.    {Z'li.)    The  crystallisaitioo  of 
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ft  fioltitioa  cooled  m  this  umnnAr  tm  ofUo  brouglit  aboat  iiMuituiMiielv, 
often  again  aft^r  &  abort  time:  (1.)  By  a^tMAion^  tix.,  when  tb«  aotation 
has  heea  cooSed  in  an  open  veflKl.    (2.)  By  utoea  of  fttr  iCaosed  hy 
opening  the  vpssel.  the  crystal Hzation  taking  place  tbe  more  quickly  in 
proportion  to  th^  size  c>f  the  opening;  Bome  degree  of  motion  ftp}>ean 
to  bo  t]«i?«dary.    la  this  case^  the  crjBtaUiEaCion  begins  at  tae  top 
where  the  solution,  tbe  veseeLaad  the  sir  come  in  contact  witheadiotlier; 
it  itj  only  when  a  pArticle  of  dust  falls  in  on  opening-  tbe  reseel  that  the 
crystallization  begins  a  little  under  the  surfaee.    When  the  mlntion  has 
been  cooleil  in  \*aeiio,  a  bubble  of  air,  hydrogen,  carbonic  artd,  or  nitnoa 
gB4i  is  Butlicieiit  to  iset  up  the  crystallization.    {Oay-Loesac.)    {3.)  By 
oonlact  of  the  eolutiuu  with  a  ^olid  IkhIv  (a  glaea  nd,  ftint,  iron  wire, 
crystal  of  Glauber's  salt,  or  a  grrun  of  dutt  floating  in  the  air.)  TbeM 
botlios  (III  uot  bring  about  the  crystallization  when  they  have  cooled  in 
(■unlaet  with  tbe  but  j^latiou,  nor  (exreptiog  Glauber's  salt)  when  they 
are  wetteJ  or  waruieil  before  eoutact  with  ibe  siilution,    (Zit)    In  these' 
cam  crystaliixation  is  ctTected  by  tbe  action  of  foreign  bodi<%    If  aKtln- 
UoD  of  S  parts  of  Glauber's  «ilt  in  9  pHrt4  of  water  be  left  to  rnntal- 
liw,  Ibo  whole  then  warmed  in  a  flaek  to  between  50°  and  $5"  C.,  til! 
ouir  about  ^'j  of  the  crystals  r«magn  tmdl^wlved,  and  tbe  Sank  corked  up 
ana  ooolcJ.  it  often  happeax  that  the  remaining  crystals,  instead  of  causing 
the  rest  to  cr^'staltiic,  sro  tljemselvee  completely  di^snlved, — slowly  when 
the  lliwk  ia  inclined  in  eucb  a  manner  a«  tp  bring  them  in  contnct  with 
tlio  upfior  strata  of  the  H^juid,  more  quickly  on  agitation,  which  however  is 
very  likely  to  cau»e  cr^-stnlliEatjun,     If,  on  tbe  ottiur  hand,  tbe  sotiitinn 
fiirmeil  between  30**  and  35°  be  poured  nlT  from  the  cryftaU  into  a  ba^io 
mid  Allowed  to  crystallize,  the  niutber- liquid  ihias  obtained  will  nut  di»- 
fulvo  the  -^f  of  the  crystals  abo^re  mentioned.    There  are  iberefote  two 
^  ftlittions  to  be  diNtinguisbeil,  (I.)  The  «i/trni/''<j  solution,  (.      the  li*{uid 
'which  remains  after  crystalliiation  of  the  auperabuodiDt  quantity  of  «ait, 
from  a  hot  aolution  in  an  open  vessel,  and,  (2.)  Tbo  nipfnatvraleii  solu- 
tion,  i.  e.,  the  ftolntion  saturated  at  a  high  leropcrature  and  eoolcfl  in  a 
oloiio  Tesspl ;  thin  latter  can  even  dissolve  an  additional  quantity  of  ealt 
but  dcpoiriti  at  n  lowf  r  temperature  crystal.3  of  sulphate  of  soJacuntiinttt),; 
I  alom  of  tbo  ailt  iiiul  H  atoms  of  water.    (H.  Ogden,)    A  sohilion  of  2 
parli  of  ti|[Liibcr'»  m\X  in  1  |>art  of  hot  water  yields  on  cooling  in  close 
viMwtch  bard  traii^pnrent  cryi^tulM  nf  Hulphato  of  Kda  with  8  atoms  of  water, 
which,  when  tbo  Kufwnialniit  Jiqiiril  ix  luitdi-  to  crvMallise  by  any  of  the 
proceding  uielboilti  ininiv  it  lately  bucnnu  Dpiiiiuc.-.    (Coxe,  Zix.)    WLen  51 
parta  of  cryatallized  Qlaubcrit  m\i  urn  •linptnlii.-d  iti       of  water,  and  the 
Milution  oftcr  conling  below  EO'  C  riiiulo  l«  crvflallice  suddenly  by  uuy  of 
Ihs  prwediiig  mctUMls,  nmrly  ]  lA  lh«  GIbuW'b  eaUt  is  depoaiU*d.  and 
Ui«  tcDipamlnro  t\»w  to  X^"  ('.    TEuh  i«  attributed  by  Thomeon  to  the 
eonveraion  of  liquid  vrater  iiitii  noliil  water  of  rryrtalltiatiou,  a  tappoei- 
lion  ojtTveing  pretty  well  with  nLb' illation  (tbo  developtnent  of  hmt  coo- 
ftw|ural  on  till)  paANage  of  tbe  ««ilt  from  the  liqtitd  to  the  aotid  Btiit«  rauit 
l»Mwi>*»r  Ik  tikfludnd  in  tbe  calculation.    Hut.)    Tbo  abortion  of  Tb«asnl 
^Jur.  l!i,iM),  tbnt  after  this  cryaLiillixittion  lharo  remains  a  molber* 
rhleh  U  m  lon^r  Haturutcl  with  &iiU  at  tbo  existing  t<<m{ieratur9 
llfr  he  errvoMnt.    Tbonisoii,  on  tin*  cotttrary,  Ondii  tliat  tbe  mother- 
frnin  it*  rua  of  temperature.  hobU  in  Solution  a  corresponding 
tff  mI(,  ■  Stmt  pan  of  wbicfa  rrystalHsea  out  when  the  teniitcra- 
Ml^l  ha«li  to  10*. 

WM*alnt«d  doluiioii  of  cliluridt)  of  ealeium  coolod  lo  a  »twp* 
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pered  bottle  cryntalltzeB  wbea  ii^tittci],  witbont  rciuiring  the  bottle  to  Le 
opened,  tlio  tempemtin-Q  at  the  eaoiQ  time  riaing  very  conBiderably, 
(CoicJ  The  addition  of  a  few  dropa  of  oal  of  vitriol  or  oialato  of  ammo- 
nia dons  not  efiuae  it  to  crystallize;  but  cryHtallization  takes  place  vhen 
coltl  water  is  potircil  upon  the  liqiiiil  or  d.  stream  of  dry  ftir  directed  upon 
it,  (Ogden.)  A  solution  of  I  part  of  pryetalliKed  carnoTiatc  of  eoda  in  4 
parts  of  wnrra  water,  when  cooled  below  +  10°  C.  crystallizes  on  open- 
ing and  shakiiij^  the  hottte;  tbs  temperature  rising  about  8".  A  highly 
cooccntmted  sohitiou  of  n^etate  of  ^oda  remaina  liquid  when  cooled  to 
+  lU*  in  CL  looBely  stopped  Teasel ;  but  on  pouring  it  into  another  veaeel  it 
solidifies  to  a  fibrous  mass,  the  temperature  rising  to  sa-S".  (Om.)  Under 
similar  circurastJvnceB  Ha^hotf  (Br,  Archiv.  38,  326)  obtained,  upon 
stirring,',  a  rise  of  tcriiporature  of  ,59=  G.  The  introduction  of  a  crvBtnl  of 
-acetate  of  soda  producea  crystallization,  but  not  so  quit'kly  sls  m  tlio  case 
of  sulphate  of  soila.  (Ogden.)  A  hut  solution  of  sulphate  of  QjagDesia 
often  remains  lluid  wlieti  cooled  iu  close  v^sselsi  and  yields  gmDiilsr 
crystals  when  eLakcn.  (Coxe.)  A  drop  of  alcohol  producer  in  the  eola- 
tion »  nucleus  from  which  the  oiTatiilliaiitLon  ratliates.  (Ogdcw.)  A  mix- 
ture of  Bit ro  and  aulfjhuric  acia  yielded,  after  heating  for  Eoine  time,  a 
clenr  liquid  which  did  not  erystalliite  on  cooling  till  4  crystal  of  nitre  wae 
thrown  in,  a  rise  of  tonsjierature  then  taking  place.  (Green,  GUb,  70, 
3^0.)  The  following  ealtB  exhibit  eimilar  phenomena  to  the  above: — 
Hypoaulphate  of  aoda,  (Heeren);  carbonate,  phosphate  and  borate  of 
eoda,  (tiay-Lussac);  nitrate  of  limo^  snlphat*  of  magnesia,  solphato  of 
copper  and  nitrate  of  ("fiver,  acetate  of  lead,  (Fiecher,  J!^chw.  12,  187); 
nitrate  of  animuuia,  biaulphate  of  potaab,  bichrornate  of  potaah,  chlorido 
of  barium,  sulphate  of  magnesia  and  ammonia,  sulphate  of  rinc,  fcrro- 
cyanide  of  potiLBstcinn,  oxalate  of  ainmoiiia,  tartrate  of  polaab  and  soda, 
und  tartrate  of  antimony  and  potash.  (Ogden.)  Warm  solutions  of  alum, 
protoaulphate  of  iron  and  sulphate  of  copper  deposit  coneiderahle  quanti- 
(iea  of  crystals  upon  cooliug;  but  opening  of  the  vessel  and  shaking 
bring  out  a  fresh  ouftTility,  (Cose.)  Nitro-eaccharic  acid  also  eiliibita 
this  property,  (Mulder,  .L  pr,  Ch,  16,  293.)  The  fullowioff  ealts,  on  the 
contrary,  cryatAlliee  out  from  a  warm  solcition  on  thp  sligliteflt  lowering 
of  temperature: — Sulphate  and  hydroclil orate  of  animcmia;  eutphate, 
chlofAle,  nitrate  and  neutral  cltromate  of  potash;  chloride  of  potassium, 
chloride  of  eodium;  baryta,  strontia,  nitrate  of  haryta,  sulphate  of  mag- 
nesia and  potash,  nitrate  of  lead,  corrotjive  subliuiatfi  aud  oxalic  acid. 
(Gay-Lussac,  Ogden.)  Generally  speaking,  those  ajlt«  wbtch  exhibit  the 
anomaly  cr^taliize  in  combination  with  a  large  quantity  of  water  of 
cryatalli station  (biebroinate  of  potath  and  nitrate  of  silver  excepted),  and 
those  which  do  aot  exhibit  it.  with  little  or  no  water  of  eryatallization. 
This  anomaly  is  explained  hy  Berthollet  {^<tatiqve  Chivu  1,  32,)  and  by 
Gay-Lu*sac,  oq  tho  suppoeitiou  of  a  eluggishness  of  the  ultimate  panicles 
of  the  salt.  So  aUo  Thenard  euppoBee  that  (he  pai-ticlcs  are  brought  by 
agitation  into  differowt  reJativo  positions,  (It  must  he  olt*erved  however 
that  shaking  in  closed  veesels  often  fails  to  produce  crystal  lira  tion.)  At 
all  events  it  may  he  admitted  that  in  those  cases  in  wbicli  the  cohesiTB  force 
lias  gained  tho  preponderance  over  other  forces,  snch  as  the  affinity  of  a 
luMly  for  heat  or  for  ponderable  soi^'ents,  mechanical  disturbance  is  often 
feqqired  to  bring  it  into  active  opemtioo.  Compare  Gay-Luasac  {Ann. 
Ckim.  B7,  32:>,  alBo  Schw.  3,  70;  likewise  Ann.  Chivt.  Fhys.  11,  301); 
Schweigger  {^icKw.  9,  79),  ZiK.  {SehiiK  15,  IGO)^  Thomson  {Ann.  Phil 
IS,  IGD);  H.  Ogden  (iV,  Md.  Fkil,  J.  13,  309). 


1-2  IXTRODUCTION. 

TI,  If  the  cryatallizable  bm[y  liaa  bcon  liquetictl  by  comliijiation  wish 
another  poQtlera.ble  body,  tbo  latter  niiist  bo  eopnrntcil  from  it.  This  is 
cHocte^i  eitber  by  driving  off  tlio  latter  iu  tlie  form  wf  vapour,  at  n  bigb 
or  n  low  temperature,  io  tbo  o^Kin  air  or  in  vacuo,  ati  tbfi  case  may  be;  or 
elsii  liy  rentoving  tbe  eulrotit  by  rirtao  of  ita  iLlhnity  for  auotber  pondcr- 
nblo  body.  TLus  nitre  crystallizes  from  an  aqueous  Buiiitio^n  on  the  atldi- 
tioD  of  aleobol,  campbor  from  an  alcuboHc  etilutitm  on  tbo  aJdition  of 
water,  toiUiio  from  its  Holution  in  bydriodio  acid  gas  on  tbe  introduction 
of  n  suulH  ijunntity  of  cyurine. 

During  crybtiillization  tbe  following  phenometia  a.ro  obsei-vablc: — I. 
Tho  more  ttlowly  tbe  liijiie^od  Inidy  ia  brought  bru:k  to  tbti  solid  titilte,  Ttod 
ibe  luoru  tbe  lirjUid  \6  kept  at  rest,  tie  sniiLll'or  is  tbe  number  tind  tbo 
gpoator  tbo  size  and  regularity  of  tbe  crystals;  bat  if  tbo  solvent  be  cooled 
or  aoparatcd  f^uickly,  the  crystal:^  are  numerous  but  small  and  ill  deiiucd. 
For  in  tbo  forinEir  ctise,  tbe  particles  of  the  solidifying  body  huro  tiino  to 
unite  tbcmselvea  regularly  wiib  those  wbicb  fleparate  lireC  from  tbe  fluid 
and  form  nuclei  of  crystallization  ;  if  ou  the  coiitmry  tbo  crystalHzfttion 
tnkps  place  rapidly,  a  great  number  of  particles  eolidify  at  tbo  same  time, 
eiicb  forniinj,'  a  nticlcua  to  wbicb  other  portions  may  ntlatdi  tbcmiaclvoB, 
and  tltiie  wo  obtain  a  number  of  crystah  irresubirly  formed  and  iiiter- 
biifin^  each  otber  in  all  diroetions.  In  this  oouRiBtij  the  ilitl'oi-ciif:^  lieLweeti 
3u^ar-eiuidy  and  loaf-su}^r;  eimilarly,  all  granular  and  JibrouH  bodies,  aueh 
IIS  statuary  marblo  and  libroua  gypsum,  must  be  regarded  as  eollcctionH  of 
impcrfectiy  formed  ery^tals  ccjual  in  number  to  Ibat  of  tbe  gmiue  or  libres. 
To  obtaiu  crysta^U  as  large  and  reu;uiar  as  pottsible,  l^lilariv  recomiueiid^ 
(J.  i'\t/x,  .55,  300)  to  allow  a  solution  not  qnite  saturatod  to  cool  slowly,  90 
that  none  but  diatinct  cryxbiU  niay  bo  forme<l,  tbi?u  to  pick  out  the  bi.-«t 
fomic>d  of  tbe^d  and  tay  tbom  fioftarate  from  one  aagther  in  a  ecflution  of 
tbe  Aanifl  aalt,  wbieb  by  pciitlo  warming  in  contact  wilb  tbo  ttult  ba*  boea 
itiado  to  hold  in  solution  a  qtiantily  of  it  just  a  little  greater  limn  thai 
whicb  it  can  retain  at  the  ordinary  temjjorature.  m  that  it  may  deposit 
tbid  excess  on  the  oryAtata  laid  in  it.  This  tte&tincnt  m  re]K.*ated  till  tbo 
cryfiUtle  havo  obtained  the  desired  magnitude,  eare  being  Uikcn  to  turn 
them  fruoDCntly,  becaufie  the  surfaces  reetiug  on  tbe  bottom  nie  in  a  lean 
favourable  poBitioQ  than  tbe  reel  for  taking  up  frcsb  parlidcH.  The 
trouble  of  ropeatcilly  preparia<,'  a  slightly  Buper^aturntiid  solution  may  bu 
savod  by  euepcnding  in  the  uppsr  part  »f  the  liiiuid  a.  r^nuntity  of  the  salt 
contained  iu  a  bag  of  muj^lin  or  a  lunnol.  Fur  whenever  tbe  tenipcraturo 
rises,  ibc  wnnner  |mrt  of  llio  liquid  will  conic  to  tbn  finrfat'i!,  wburo  it 
nil!  djwolvo  a  portion  of  (be  fiU8()eudcd  halt,  ami  then  bueuiuing  cpecili- 
cally  heavier,  it  will  ^iiik  to  the  bottom  of  the  vessel  wbero  th«  crynlala 
ttreplBCC«l:  tlias  tbo  crystalji  will  continiio  to^-row,  and  notbiiig  further 
will  bo  noce*"ary  than  to  turu  Iboin  frequently. 

2,  Getiorally  «^>cnkiiojij  eryetala  exlubit,  no  far  aa  can  bo  observed, 
tho  iwine  oxleninl  tnrni  ou  Uieir  first  fii^rmntiou.  that  llwy  have  at  a  sub- 
wH|iii>nt  «tai;o.  f  ri.bjMy  tlm  primitive  form  i«  lirst  dovelojwd  and  pas-es 
Into  thfi  M>o(iii<]ary  by  ibo  wiiliw-qnent  annejtation  of  umtter  aoconling  to 
(ixed  lawn.  'I'huMi  tbe  oi'Iobfd ron  of  alum  cxhilit»<,  latelv  ol»*rvi'd  by 
F.  Biebter  {Xeittrhr.  J'h.  r.  W.  :t,  .HH),  tbo  wiine  InuieatinnV  of  tb<i  e<lgivi 
and  niiiiiniitd  at  ttw  first  foritintion  an  aftor  it*  cunipleto  dovidopnifnl. 
WImmi  however  the  forniation  of  orynlalM  ii>  ■ijtfen^l  to  gii  iin  ai  inlerviiU 
■nd  in  lii^iiid»  of  difli-n-nl  nature,  tbe  rxternul  form  may  In*  ^^n^ally  modi- 
Hod.  Thw  may  be  olwerred  in  certain  rfyBtalllKwl  miin-rtitii  which  often 
pOMtM  a  nurU'ua  and  on  envelop  of  diticrcut  coloar<<,    Flgor-fjiir  rilii- 
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Kits,  ateonliiii;  to  P.  Richter  {^fUackr.  Ph.  v.  tF.  2,  111),  the  fwllowiog 
ftimiH  ;  a  rosL-colouml  octolierlron  witljin  ii  green  cube;  a  yctlow  enlio- 
fwtolieiiron  (  fi'y  4)  whose  octoliedral  faces  filone  lire  coVereJ  with  a  viulet 
layer;  a  blue  dodccabetlron  (fy.  3)  enveloped  in  a  green  cube;  n  cubo- 
octolieilroTi  4)  within  n  pyraiujiJal  cube  (.rf^.  9),  &c.  In  puch  enses 
tbe  inner  nnd  outer  maaB  ;ilwaya  eibibit  parallel  cloaragio.  Similar  plie- 
iiomeiia  are  also  eeen  according  t-o  RidilCT  in  calcspar  and  other  minerals, 

3,  Crystals  aro  formed  in  sitaations  where  the  principle  of  fluidity  ie 
removed  from  tlicni.  or  where  they  arc  led  to  attach  tliemaelvea  by  adhe- 
pion.  Hence  they  form  on  the  surface  of  the  liq^uid  In  so  fiir  as  evapora- 
tion and  cooling  by  the  influcnco  of  tbe  air,  or  adhesion  of  the  n.ir  to  tbe 
crystals  can  give  riae  to  their  productiou  ;  also  on  the  hottoms  and  siJea  of 
the  Goutaining'  vegscla,  inastnach  as  thet^c  jihstmet  heal,  and  esei't  ndhe- 
sivo  power  on  the  crystals;  lastly,  on  solid  budica  jiinnersed  in  the  Lii[ui(l, 
such  bodii^a  acting  by  adhi^sion.  For  the  moBl  part,  or^^talii  d('^>Dfiit 
tbcmselveji  more  easily  on  wood  and  string  thttn  va  porcoltiiu,  glasa,  and 
metal;  more  eajsily  on  [lorcelain  thari  ou  glasa;  on  rout;h  than  on  mnooth 
gl»8a; — compare  Griffillis  (Ann.  Plnirm,  22,  210).  Honce  it  ia  eiwy  to 
explain  the  fact  thai  when  a  g\a.ss  cuntatnin';  a  crystal t i zable  liquid  is 
etratched  with  a  glass  rod,  the  crystitls  d4;po8it  themeidree  in  pri^ference 
on  the  scrafchcfi-  The  iirst-formed  mass  of  crystals  serves  fyr  tlic  rest  to 
attach  themaelveB  to,  and  attracta  theni  mort!  strougly  that]  foreign  bodies 
would.  Thus,  according  ti>  Lowitz,  tho  introduction  of  a  crystal  of  nitre 
into  a  solution  of  nitre  and  Glauber's  ealt,  prepared  hot  and  But>sei[Henl,ly 
cooled,  caiisfifl  tlm  nitre  to  eeparate  alouei  a  crystal  of  Glauber  a  salt 
removcA  only  tho  Gla,ul>er"3  ealt ;  whereas  if  thfi  solution  he  left  to  itself, 
both  salt^  fryetallizo  out  together,  the  cryEtala  interlacing  each  other. 
If  &  drop  of  a  AoluCion  of  gypaum  he  left  to  evaporate  on  a  freshly  cleft 
Bnrfiaoe  of  a  cryatiJ  of  ,L'ypsum^  the  niiuroacopc  will  show  an  innumerable 
collection  of  cryatala  of  pypaum  formed  on  the  aupfa^'ej  all  parallel  to_one 
another  and  to  the  origimtl  crystal.  If  ibeevaponition  takct<  place  on  tho 
6iir£a.oe  of  a  foreign  body  tliie  piirallelism  is  not  obaeryod  (Frankeiiheini, 
Po^j^j.  27,  516.)  Wheu  a  solution  evaporates  I'tdow  ita  boiling- point,  tha 
first  cryataLi  are  unually  depositdd  on  the  etdea  of  the  veHHol  at  the  upper- 
most surface  of  the  liquid:  another  portion  of  the  liquid  often  riwcB 
through  these  and  yields  by  evaporation  new  eryatals  which  ultimately 
make  their  way  over  tbe  eilge  of  tho  vessel.  This  ia  EJfloreecen-ce.  When 
cryetals  form  at  tho  bottom  of  a  liquid,  a  current  is  produce!],  becau.?e  the 
individual  eryslale  take  from  that  part  of  the  solution  with  which  they 
a-re  immeiliately  in  contact  aa  much  of  the  salt  as  i»  pog^ifbEe  under  tho 
existing  circiim»jtauces;  consequently  thia  part  of  the  liquid  becomes 
lighter  and  rieea  to  the  aur&ce,  its  plaCo  being  supplied  by  a  more  satu- 
rated jiortion  of  the  liquid. 

4.  When  a  body  crystallizes  from  solution  in  a  liquid,  and  tho  latter 
ia  not  completely  removed  by  evaporation,  there  romoins  a  porliou  called 
the  Jlol'fter-fi'iuftr  {Efiti  mere,  Mnlieflaiige').  Thia  liquid  holds  in  solution 
as  much  of  the  crystallizing  body  aa  ia  coaeistcnt  with  its  (quantity  and 
Iclnpcralure.  It  often  happens,  especially  when  cryatallimtion  proceed* 
rapidly,  and  the  cryetalline  luminie  in  the  act  of  nniting,  leave  small 
gpaces  between  theni)  that  small  and  (even  with  ref^rd  to  the  Bame  sub- 
stance) very  variable  quftntitiea  of  the  mother- liquid  remain  encloaed  tu 
the  crystalline  masg,  formiorf  the  Water  of  Deerr^ntation  [Zerl-msltrimfft- 
trasvr),  Cryslala  which  contain  liquids  thua  enclosed  and  do  not  melt 
bnlnw  tho  boiling  point  oF  the  mother-liquid,  exhibit,  when  heated,  tho 
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cbamp  {A7in.  Chim.  Phgs.  9,  200)  in  giving  the  preforonco  to  slow  crys- 
talliznlion.  TLe  inetlioijiciit  purijii'a.tloii  n  ^alt^  ealtgictre  for  example, 
ty  crysUilliz^itiou.  may  be  coiiiluctoii  as  fcllowe.  (1.)  TIip  ealtpetro  ia 
henteil  with  water  in  a  vessel  a,  till  it  is  iligsolvtrt  It  la  tlicu  left  to 
cj-yMalliie  by  cijolipg,  (he  iimtlier-li'iniil  poiireil  oil'  its  coni|)letely  a*;  pOB- 
fiihle  into  another  vesael  B,  hy  grHtlusUy  inclining  t!ie  vpasel  a  ;  tie  crya- 
taU  arc  then  i;epeaCedIy  washed  with  a  small  quantity  of  colcl  wnteri 
tffliLcli  afler  sncJi  washing  i.s  run  off  as  ooniplelely  as  poesllile  into  Bt 
(2.)  Till?  vGHsel  A  is  iii^tei]  with  water  till  tlie  salt  is  and  B 

till  §  of  the  contained  liquid  is  evaporated;  the  ]uath«r-liquid  frciTn  h, 
after  the  cryutats  arc  ilepositcd,  is  poured  int^j  a  third  vessel  c  ;  the  crya- 
tats  in  B  repeatedly  washed  as  aforeaai<l;  then  the  niollicr-!ii[uid  and  like- 
wise the  Wiish-Watei-  from  a  poured  H[ion  the  Crysliila  in  li.  (3.)  All 
three  ve^ieb  are  heated  till  the  crystals  in  a  arc  di^olved  In  fresh  water, 
thofH)  in  M  in  the  mother-liquid  and  wa&li-waler  from  a,  and  the  liquid  in  c 
sufliciently  concentrateil.  In  this  manner  the  pr&ceea  is  continued,  amaller 
and  enialk'r  veflsele  being  used  in  the  *ucceci»ive  etnges  till  the  saltpetre  in 
A  appears  perfectly  purp,  then  tliat  in  ii.  and  ko  on  Ncivrly  all  the  im- 
puritieg  of  the  Ealtpetro  t-olEect  in  the  laat  vesf<e9  a;  thoBC  near  it  eoutain 
Bmall  quantities  uF  the  salt  in  an  Impure  state. 

5.  The  fonaatinn  of  cryntals  ia  always  accompanied  by  development 
of  beat :  this  is  particularly  evident  when  the  crystallization  is  rapid,  and 
is  therefore  most  ctmepicuotis  in  the  hefore-nienlioucd  anonmloua  casea  of 
tbe  sudden  cryslalUzation  of  a  c<^»lod  liijiiiJ.  In  a  ffw  instauecs  cryytal- 
liintion  is  attended  with  production  of  light,    {vide  Light.) 

Extfrnal  Form  of  Cri/isUtU. 

The  number  of  cryetallinc  forms  amountfi  to  several  thousands. 
According  to  the  proportiona  of  their  linear  dimet^gions,  or  ajr«,  they  may 
be  arranged  in  a  Bmall  number  of  gronpa,  which  in  Wciss'a  i'j^frra  o/" 
Crjftlallo^raphif  {Abk.  il.  phfisik.  Claaxe  der  K.  Acadfmle  d.  Wist:,  tu 
Berlin,  18H,  1815,  S  2^8),  are  as  followB:  — 

A.  The  proportioji  of  the  parts  may  bo  determined  by  three  linear 
di  ID  en  9  lone  or  a^ics,  at  right  angles  to  each  other. 

a.  The  three  dimeneiooa  equal.  Rafular^  SpheitiiiJnJ^  Tesstilar susttm. 
{Regulares,  spbiiroeJriscbep,  teastilarisclies  hrj-GLallsyfltcm  ) 

M.  All  the  faces  of  tbe  cryatal  similar;  at  each  end  of  the  axie  the 
relation  between  the  facea  in  four  directions  is  the  .sarne.  Homospheroidal 
tjftCem  (HomospLaroedrifichee  eysteni)  to  which  belong  tbe  cube,  regular 
octokedrim,  rhomboidal  dodecahedron,  tmpfzohedroii,  pifraviidat  cube, 
piframidal  ocioliedrcm,  pyravndai  dodecaAedron,  &o.  (Diamond,  sal- 
aniinoatac.  commoti  salt,  eulphuret  of  ziac,  luost  eimple  metals,  £c. 
Fiff.  1—12.) 

ff.  One  half  of  the  similar  faces  is  obliterated  by  the  other  half ;  at 
eaoh  end  of  the  axes  a  similar  relation  of  tbn  faces  exists  in  two  opposite 
directions  only.  IlfmispKerotdal  sygfmi  (HcmispbaroedrischcB  system). 
To  thia  belongs,  on  thy  one  hand,  the  regular  tetrahtd-mn  fontieil  hy  the 
oblitemtton  of  four  face*  of  tbe  regular  oot^dicdron,  with  its  niodifi cations 
(Fahlerz,  boraeite,  ^y.  13—17):  and,  on  Ihe  other  hand,  the  penfajonul 
^odeca/i-edron  and  its  modifications,  formed  by  the  ohlitoratioli  of  12 
faces  of  a  pyramidal  cube.    (Iron  pyrites,/^.  18 — 20.) 

b.  Only  two  axes  cqnal,  Fvitr-jngmlered,  Two  and  ane-aj^U,  or  S'qtifire 
prvematic  t^i/ftem  (Viergliedrif»e6,  zwoi-nnd  einaxiges  quatiratischea 
system),  to  whieh  belong  tbe  acute  and  obtuse  octoh-edron  teUh  a  square 
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Imsf,  the  iqiture  prism,  Ami  tie  re</ular  ottayonal  priim  (MolyWate  of  l6a.il, 
^iraunr  caldincl.  furrocyatiiJe  uf  [wtftssiutti,  tiu-stonu,         P'i'j.  31 — lU.) 
c.  All  tliree  asos  unof^ual. 

«,  All  the  einiilfLr  face^s  ^xist:  the  primitive  form  to  which  the  others 
tnay  bo  immediatoly  rcilm-ed  is  an  octoliedron  with  a  rhombic  buo. 
JVo  ajirf  ItDo-memhcred,  One  ajid  one-axU,  or  Riffht  jit-Umatic  ttfxtera  (Zwoi 
mill  twei-i!;liedrtgea  odEeT*  oin  und  cin-asiges  ays'^m)-  Tlija  comprises  llic 
Hiotitbie  ftctolioJran  (fp.  41),  tlic  redun^lar  ociohedfon  (fig.  47),  tvro 
abiublo  tetfahcilt-ona  (one  rejH-cpent-ciJ  in  Jig.  54),  the  upin^kt  rhombic 
pritm  [Jrij.  4-t),  the  rt^etan^tdar  prism,  anj  nuinertnis  mare  compliratoil 
frtrnis.  {Sulphur,  nitrA.t«  of  potash,  sulphate  of  l«(ul,  hoavy  spar,  suljjbate 
(if  ma^Cfiia,  &c.    Fi{;.  41 — 8fl.) 

0^  Part  of  tho  Gi[iiilii.r  faces  obHtemtefl ;  the  lower  fore  and  upper 
back  ^v-siirfact'S  of 54.  The  primitive  form  is  a  rhoEiibip  prism  with 
oliliquo  tprminal  iaicoa,  eo  placed  that  one  diagonal  of  t}io  terminal  facea 
is  perpenditiular  to  two  of  the  lateral  edges,  the  other  dia^'onal  in- 
oliued  to  the  remaiDing  ed^s;  som^ine^  tho  base  is  obli'juely  in- 
clineil  to  the  obtuse  lateral  edges  (X'/.  ^tl).  sometimes  to  tbe  aciito 
onoB  {f-g-  91).  To  thSs  Bystem  also  belougs  the  ohlLqm  riciawjalitr 
prum  {jiff.  82  and  92).  Ttoo  and  ojts-membfred  or  Oblique  pritmalic 
»ysifm  (Zwei  und  etugliedri^es  eyatem).  (Augite,  borax,  (^Tpsuin* 
pliu^phate  of  ammonia,  greon  vitriol.  Ac,  /ff.  81 — llf>.)  A  modification 
yf  this  sysLem  ie  the  oiu  and  tvsQ-maaixrtd  (ein-undawoiKliedris'csaysttfHi). 

y.  We  must  hero  introduce  the  syet«ni  discoverou  by  Mit^eberlieb 
f,  427)  in  byi'osulphito  of  Jime  and  prytwnttrat©  of  mercury,  the 
primitive  fortji  of  which  is  a  riiumbic  pri><m,  iu  which  the  Faces  ti  &nd  w 
have  the  sitnie  value,  but  the  bass  la  obliquely  inclined  tu  all  the  lati^ral 
edgea;  a*  happens,  for  example,  when  the  face  a  {fy.  99)  obliterates  thu 
ta£c6  i  and  a,  {pj.  120.) 

i.  By  obliteration  nf  two  parallel  ^-faoes,  and  tv!o  parallel  u-fucoa 
{Jig.  54)  at  once,  and  replacing  of  the  latter  by  two  new  faces  v, 
there  arisea  a  rhonibobial  prism  whoeo  terminal  facea  are  obliquely 
inclined  in  such  a  manner  that  both  their  dlai;etiala  make  oblifjue 
niif;le3  with  the  lateral  cdjE^s  of  tho  pricira.  Only  tho  parallel  faces 
and.  the  diagonally  opposed  edgea  and  summits  are  equal  and  aimilar. 
Oiif  and  one-vi'em.bfrea  or  D»iii/t>f  oblu/ue  jjrieuuUic  sjfsU'ia  (Ein-und 
eingliodrigo«  ey,at«m).  Sulphate  of  popper,  borocio  acid,  gatlio  acid,  &e. 
Fig.  121— J  30. 

IS.  Tho  relation  l)etwicea  the  jmrLji  of  the  crystal  may  be  dclflrminpd 
by  aasuniing  -i  liuear  dimensions,  3  of  whichr  of  equal  length,  are  con- 
tained in  uue  piano  and  incliued  to  one  another  at  angles  of  60"^:  the 
fourth  \a  ]>tii(<eil  at  right  tingles  to  them.  Thrt«  and  ont-axia  or  Khom' 
bohedml  Ki/tlfrri  (Oi-ei-umi  nH<M-i;/<j  ii/4tem). 

a.  All  the  similar  faces  cxi^t:  at  each  end  of  the  lateral  axes,  the 
Mm«  relation  of  the  fneoH  exhibilft  itself  both  above  and  below.  Sia- 
mmbertd  jyrim  (Socbs-gliodri,^  eystcm)  including  tho  dnuhh  nx^tidfti 
pyramid,  too  tix~$itltd  and  twlw^dtd  pritm,  Sie.  (Apatite,  tbo.  Jtff. 
131—140.) 

Of  f>n«)i  ptiir  ofBliniliu- and  namltel  facoe  one  is  wanting;  nt  eocb 
end  of  the  lateral  axea  the  npiwr  laco  or  faeea  dirtVr  from  the  lower  both 
in  mnilior  and  »iLuation,  Thrff  and  Ibitr^mrmlirreii  tyttem  {prei-nmi 
drri'/lifdri'ir*  t^ttntt).  TIm>  primitive  fnnn  of  ihia  ayetein  \st  the  rfmm- 
bahnlron,  which  we  may  imaK>""  b<'  farmed  from  tho  double  eix-«id(M] 
pyramid  by  the  oblitemtion  of  half  of  the  facm  a)U<rn&|ely  dispowd. 
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(Culcapar,  cirinabar,  pcrosiilo  of  iroti,  aeflqui oxide  of  clirdmium,  &<•.,  /jr. 
341—1  fiO*.) 

Tlie  iiriinitivc  format  of  these  aysteins  are  moreover  subject  to  innn- 
merable  iiitKlilicatinna  from  truucntions,  fonnntion  of  edges  and  angles, 
divisions  nnd  icurvaturea. 

Tbo  eamo  kind  of  matter  may  crystallize  in  variouB  forms,  whicli  how- 
CTcr  iD  most  cohqb  belong  to  niio  Ninglo  cry!*tn,llinc  syHteni  only,  are  com- 
patil'to  with  regard  to  tlieir  angles,  and  may  ha  deduced  from  a  comnion 
primitive  form.    Than,  ca](i9)>!i.r  occurs  in  ninri?  than  100  cryptalliue  forma 
which  however  alL  belonj^  to  tlio  3  and  3-iiiemhered  system,  nnd  are 
■ierivahlo  from  nn  obtuae  rliomhohedron  {fy.  141).    If  we  nfe  itrrjuainted 
with  but  000  fomi  of  a,  erystalliuo  body  we  may  yot.  conclude  tliat  the 
body  might,  under  eertniii  circumstances,  a-ssume  all  the  other  forms 
beloaging  to  the  same  system,    Wliy  the  same  suhstanceg  shnuM  ss-iume 
BOTiietinies  one  soraetiiiieB  another  fonu  belonging  to  the  same  syetciri,  is 
nol  yet  Kitisfaetorily  asL'ettainod.    According  to  Bcudimt  {Ann,  Chim. 
Pktfs.  8,    5),  tempovatnro,  electrical  CGndition,  the  concent rati^m  and 
volumo  of  ttiQ  liquid,  the  fortn  and  aubstanee  of  the  containing  vesgel, 
the  state  of  the  ciai-omelei-  and  hyfjromcter,  have  no  iiifluenc^e  on  ths 
form  assumed,    lioiirhardat  alao  {Ann.  Cfeini.  P/ei/s.  5'2,  296),  obtained 
common  salt  coualantly  in  cubeSj  and  alam  in  octoliedrona,  differing  onty 
in  magnitude,  \sbcther  the  cryslallizatioa  took  plneo  in  vessels  of  sulphur, 
graphite,  or  metals  of  the  most  Tanoua  kinds.    The  greatest  indiiciice 
appears  to  be  exerted  by  the  presence  of  fnn  ign  bodies  in  tbo  crystal- 
lizing liquid.    Sal-aniniouiac,  whieb  crystalliKea  in  otfobedrone  from  a 
Boliition  in  pure  water,  prndncea  cubea  wbon  the  licjuid  contains  a  large 
quantity  of  tirea,  and  ciibo-oetoheilrons  when  a  araall  t|uantity  of  urea  or 
Inoriicif  aeid  \n  prawnt.    Common  buU,  wbieti  when  alone  crysta-llizea  in 
cu))09,  a^iinies  the  octuhcdral  form  when  the  liquid  alao  contaiuH  urea, 
and  the  cnbo  oetohedral  when  boracic  tirid  is  present.    Chloride  of  potas- 
sium which  eeparatee  in  cubes  fioni  a  pure  aqueone  fiulution,  dcpoaita 
cubes  with  truncated  edges  when  the  liquid  altso  eontalus  eorrojjivo  subli- 
mate       fl).    A  solution  of  alum,  to  whicii  a  little  alcohol  has  been 
added,  yields  cubes  iugtead  of  octohedroaB;  the  addition  of  hydrochloric 
acid  to  the  same  solution  causes  the  nlum  to  crystalline  in  cuho-icosnbo- 
drous  (/iif.  20);  the  addition  of  borai  gives  rifse  to  cubo-octo-Jgdeeahe' 
drona  (/y.  8).    Protoaulpbate  of  iron,  which  by  itself  cryetalliKes  iu  the 
form  shown  in  fy.  Ill,  yieldn,  according  to  Beudaut,  when  its  solution  is 
mixed  with  Biilpbate  of  ainc  or  sulphate  of  mngnes^ia,  cfyatals  which 
exhibit  only  the  (-,  v-  and  c-  faces;  hut  if  hyJrooliloric  aciJ,  botas,  or 
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l)iia|>likt«  rrf  twist  he  prc««ht,  ihe  trrjsuls  exhibit  a  greater  DtimlMffgf 
iniiH  lliiiri  tlifmi)  rt'lircsnntuil  in  HI.  Apco^]ing  to  Boiiilant  again,  ■ 
*iili(lii>ii  of  ii.luiii  'ir  ^rnmi  vitriul  mixed  with  finely  jiouuded  mlpLate  of 
li'«<l,  il<<]><wit<i  til  ttiif  [itiattt  which  3i>ltW  at  tho  bottom  a  nulnWr  of  ery»- 
InU  litiviu!,' fi'w.T  iinil  I'f'linlitMl  (ncfs  thiiii  llmso  ohtainoJ  from  pure 
»)lut*nM  vi  Umi  Htm*  mlU:  litis  tsSeet  h  attriliut«d  by  Ueutlrtqt  not 
m>  Mttcti  W  uy  MoAwicftl  iofiMcm  excrt&t  by  iho  puwdcr,  as  to 
timumX  nstim  af  lb*  «sUcadT  aoall  qnantity  nf  AiilpliAlc  of 
wktdk  ^Mutvw  bt  tW  water.  Tk»  iwlitr  fornu  of  fluor-sjinr  in«a- 
^•Mi««  ft0»  IIL  BLwi—  iaJieati  Uh  frBHW  of  forvi^  matter  at 

«t  Mtaad^^t «(  MM  MDMi  with  wTpha^i  at  line  or  Milphnto  of 
«4fWwM»  *  Wm  ^mam^imi  Ihttk  tka  femign  body  Be]>ara.(us  frum 
tItoMbriM  ^N^vlfcift*  cqntabr  MrtineM,  on  the  cntiimry, 

% jk^  wJk  «itk        MM       Mi  ifpsar  to  be  the  csm^,  ami  iho 

1 4t  Mta*  ^HMMW  »  fiAaf*  '■f.tka  MMl  part  attiihulAbiA  u>  Iho 

I  wUck       botlj  crystallite* 

ilto  Imm  if  MBj  pattioilv  rabataae* 

^1  %»-«Ma»  Vi^Mfc  m4  wmf  W  J^trai  »■  the  mm*  altimate 

,  Inib  Bimple  and 
,  i*.,  they  proKOt 
,  A  ar  >  giaipa  <f  OTitalliae  (artat, 


a  Ipaafe  aaaUar  of  Wfia^  4iArt^  widely  in 
lakyftw  ^fMMi;  aa4  on  the  nther 
ll«        naliM  ara  Ibaad  beloiunti 


Wiag  maaU,  while  that 
ihaoaudo^  it  neocMaril/ 

othar  raa- 
hand,  da- 
belon^ti^  to  iKxliea 


k  V>  «f  tUt  >3niteai  ai*  t^:  lias  tb 

,  i|i(i.v<     ^  >  maiaia  Iht        wb«W  tW  eiTstaU 
^jNwiwi  w>  <haiiMi«4.   Im  Iha  alhar  ijwlcwa,  on  tha 
tUVia  aw  a)Mi|«aL  awl  tha  iM^ttaUtjr  n  at  differant  ou^tiido  in 
MMk  M  Mlawv  IhM  ai^nlar  diftnaeM  of  rarioos  unoant 
I Ma  MyalaW  WKia^i^  to  dUTanal  bodies  incLaded  io  Uiom 
'nm  tW  w^twtMdn>«  wilhaaquam  base  ef  Anataae  04^.  91), 
^h*liif  ikviM  ij^  M)  obliiM.  bacauae  in       furmer  tho  lonj(i- 
«W  U  t<M||w«;  («  Hia  hiUer  dtorter  than  tlio  loU-nJ  axc«.  Them 
liovrnvtfr.  imMiftrn  vcryamiiU;  thus,  for  the  bliint 
■  l»iiiil>io  |<ri-iiii  of  ciilj'liiilu  nf  iiiagnesia,  wc  And 
'ii  ,  iti  ■"iilphHto  of  laiic  (u  :  «'./!;/.  73)  9V  T:  aivil  tlic 
>i  t'd^pM  *<r  the  uLtLuc  rLQiiiImbtHlrou  (r  :  r')  niiiuuutg 
y.  In  iiitii>):ni)m<  it\v\.r  to  IU(l°  51',  in  iron  Jjpar  to 
r  'l-  III  107'        BJi.l  io  ciihtinino  to  107'  W.  Tbia 
II  tlin  riiigloa  If,  llovrvvvT,  ofUili  tO'OxistcDt 


,  iM^>«thiai  Imm  al  lh«  ■ 

m Jwfcaaafc aai— »  tf  thafcrMaf^ShnakBaheiuoMbelon^to  ilio 
>flMi  W  a*  dUhnaea  im  the  ■waitnde  of  thoir  angles. 

:  lias  the  an^leA  of  iho 
taU  consist  of  altun, 
■jWlcwa,  on  the  oontrkry,  aiooe 
/  N  aT  differant  ou^tiido  in 
\  tabalaaMik  M  Mlawv  IhM  ai^nlar  diftnaeea  of  rarioos  unoant 
tha  MyalaW  WKia^i^  to  dUTareal  bodies  incLaded  in  Uioae 
'ftiH  tha  w^twtMdn>«  wilhaaquom  base  ef  Anataae  04^.  91), 


mi 


M  M<l  i-ijNstJtutjua.    (TtU  Jsviiiurpliiaui,  iiuJor  the 

t  i'''f»,\l  StrwHur^y  Tfxiure  of  Ors/sUih. 

'  '    'iiity  ho  iiiofft  oanily  a^'lil  or  eJ'iwn,  in  certain 
■>>unla  plooca,  tljuu  in  uiticra;  tbt-y  exhibit  from 
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1  to  7  planet  of  deavai/e  (BlHttcrJurch^uge)  in  terser  ting  one  anottcr 
<!*.■[<> miinaUt  nngles.  TLia  ditfereut  fiicility  of  seprirfttius  of  &  crystaliia? 
itmsa  in  certain  ilipectiona  tiiay  be  glitiwn  not  only  by  uiechauical,  but  also, 
acrohling  to  Daniell  {Schw.  19,  38  «,  194)  liy  cbeniicnl  nicana;  for  whea 
ui!iJi6ea  of  (liHeraiit  ^iinstancc^  having  a  crystalline  structure  but  no  dote^ 
iiiiitiitn  oxtenial  forrn,  are  plaoc^d  in  a.  XuymA  which  does  nut  act  too 
rapidly  on  tbom,  tbe  anilieuolvixi  portiono  somctitnoe  exlilbit  i^rooves  unrt 
deproasitfUB  in  the  dircetioTia  of  tbe  jilnnes  of  cJeavage,  sotnetiniee  aaaume 
witli  toleralile  niistlnctness  tlie  primitive  forina  of  tlio  systcria  to  wliicli 
tlio  boidiee  bcloii;;,  Again,  -when  pieces  of  native  eidjiliurot  of  antimony 
(CJrauspjpBs-glaiuerx)  are  pWcd  iti  recently  fused  3ulphur«t  of  antJiuoiiy, 
auil  iinlf  melted,  the  uninelted  portion  asBuiiiee  tbe  form  of  distinct 
crystals.     (Faraday,  (^u.  Jour,  of  Sc.,  1S21:  also  32,  4«1.)  To 

tbis  clasa  of  pbeDomena  nlsu  beloni^  the  Firjurvs  of  WtdmanMadt,  and  tlie 
JiM*4  metallt'jKf,  i,  e.,  certain  figures  owrrosponding  to  the  plaues  of 
elnraee,  which  come  to  iight  when  metcnric  iron  or  tin-plato  h  acted 
itpon  oy  aeids.  The  more  diatinct  planea  of  cleavage  of  a  body  ore 
generaliy  pnrit.l)cl  to  the  faces  of  one  of  tbe  priniitive  fonns  of  the 
Byalem  to  wliicli  it  belongs :  the  lees  distinct  to  other  Ifjss  important  faces 
of  the  fc-amo  ayBtern.  Tbu^,  fluorspar  ha^  4  planes  of  cleavage  corr('§- 
pftncliny  to  the  S  faces  of  t]io  rcg'ular  octoliedron,  or  tbo  4  fjicea  of  the 
regular  tetmhedroD  ;  the  3  planeB  of  cleavage  of  heavy  epar  {_/iff.  4S)  aro 
parallel  to  the  fB.[;es?>,  w,  and  it'  of  the  upright  rhombic  jirisiu;  the  D  (.leiiviige 
planer  of  crjcjipar  to  tbo  fJ  r-  fiues  of  tho  obtuee  rhombobedron  (Ji^f.  141), 
Sic.  In  differeut  qrysttils  of  tbo  emue  Bubetance,  one  or  other  of  the  lesa 
dialinot  cleavu^f*  planes  is  often  wanting;  tboae  however  which  ean  be 
trucoij,  always  make  tbo  same  angle  with  each  other,  whatever  may  be 
the  outward  form  of  tbe  crystal.  Different  aalwtaocos  may  present  the 
Mvme  cleava^  planea  when  they  belong  to  the  regular  syatcm:  if,  how- 
ever, they  ijolong  to  any  other  system,  they  alwaya  osbibit  at  least  slight 
differences  in  the  directions  of  their  cleavage  planee,  Tuiayine  a  crystal 
to  be  cloven  according  to  ita  most  distinct  cieaviige  plaues,  or  acconiiiig 
tn  them  all;  it  will  then  be  resolved  into  the  flo-called  Simple  Molectda 
{MolttiiUa  inlc^»n(('if),  whoso  form  is  either  a  regular  or  irregular  totra- 
hcdron,  ft  regular  or  irrepulnr  three-eiJetl  prism,  or  a  pnratletopiped. 
Wlion  the  fiioes  of  a  costal  do  not  run  parallel  to  ita  principal  cltavago 
planea  (the  eo-called  Srvondary  Form),  it  \b  pissihle,  by  splitting  the 
cryeiifil  at  certain  points,  in  directions  parallel  to  these  plauea,  to  remove 
nil  t'xtomtil  envelop,  tbo  eo-willed  Sfcondari/  iwieg.  and  leave  iu  tbe  iiiiiMlo 
a  crystfllliiie  kernel  or  Nudrus,  whose  faces  are  parallel  to  the  principtil 
cleavum-  planea.  This  form  in  regarded  by  Hauy  [Traitu  ile  A!v/ier(i!o^ie, 
T.  1 ).  n.s  the  i'rimiiive  ^"0™,  which  be  etippoaee  to  have  been  developed  Erst: 
he  furtli«r  supposes  that  on  tbe  facca  of  tbis  primitive  form  there  bare 
bu'en  deposited  aaceessive  lauiitiie  consisting  either  of  aiinplo  uiolwofca  or 
'>/  ftgKi*??i't'0i'8  of  tbe  aame  iiit«  corajioumi  molecules  (mM^cuin  smisfrac- 
iiv«»);  ami  that  theae,  being  deposited  in  eueh  a  manner  that  the  dimen- 
etons  of  the  laminw  go  on  dooreasing  from  one  of  the  edges  or  aumniits, 
have  produced  the  eccondai^  form.  Tbts,  however,  is  nothing  more  than 
a  theoretical  view,  of  which  Hauy  availed  himself  in  calculating  tbe 
arrangoment  of  the  secondary  faces,  since  it  is  found  that  crystals  on  tbeir 
first  appearaaee  exhibit  the  same  form  ns  after  their  couipleti^  develop- 
ment. Moreover  Weiss  has  shown  tb:it  independently  of  any  sach 
tnmatural  liyjiolbcsis,  the  angles  of  tbe  different  primitive  and  secondary 
f;ices  of  a  crystal  may  be  caJculatCil  from  tbe  mere  proportion  of  ita 
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linear  lilmGnsioiia.  Tlie  ntomic  theory  seeka  to  csplaln  tlie  etrnoture  of 
crystals  hy  attriliiitiii^  ii  iliEtiDct  fumi  either  to  the  atifnis  tliemselrcs,  or  if 
these  he  rejpirJoil  nphercs,  to  agr^reRiitioDS  of  several  tbeiii.  {Vvl, 
Affinity.)  The  ivdvomtes  of  tlic  Jyniiruio  Lheoiy  proceed  purtly  frgm  tlio 
hypothesis  tlifit  every  solid  Wily  iliH'ure  from  a  fluid  in  this  re!<i>efll,  tlml 
the  cohesioQ  of  \ts  partides  19  of  ditR'ront  amount  in  difTercnt  directiona, 
an<t  further,  that  in  a  {rryntal  tbeeo  tlircclioiis  exteod  through  the  wligld 
inasa  in  straight  polar  liacfi. 

Adhestow. 

That  kind  of  Attraction  flitch  act^  at  iofiu'itely  amnll  distances  only 
batweeti  budjci  uf  different  tiatures,  giving  rise  to  the  union  of  these 
bodies  into  a  lietorogeneous  whole  called  a  Mixture  or  Affchaniail  Com- 
bination, which  may  in  most  cases  he  overcome  by  mechanieul  force. 

It  appeara  to  be  exerted  between  all  kinds  of  nialter,  iiDpoQderahle 
as  well  ponderable,  but  in  various  degroee,  [On  the  adheiiion  of  im- 
pontlerablo  hodies  to  pondem-Me  bodiea  see  the  part  of  this  work  which 
trealfl  of  Tnipondcmblc^.l^  RcBpoctin^  the  adhesion  of  ponderable  bodies 
to  OHO  aoutbcr  the  following  n^aes  muat  be  diatinguisbcii : — 

1,  Adfuaiofi  hftiVftn  elastic jtuUh. 

Difutwn  &/  Gate*. — All  guses,  even  when  under  existing  oircum- 
etancee  they  do  ui>t  enter  into  chemical  combiuatiun,  yet  diS'uee  them- 
solvvs  through  one  another  ivnd  form  a  unifwnii  mistwre.  though  their 
Mpccific  gravities  may  ho  very  dllfcrent  and  they  mny  he  kept  externally 
at  perfi^ct  rest.  If,  fur  exuntple,  tvrn  bottles  be  connected  by  an  uprisrhi 
jjIl-lsm  tube  10  itichos  lotiij  and  '"cli  wide,  the  npper  bottle  being  tilled 
wtlli  bydrog^n,  nitrogen,  biLioside  of  nitrogen,  or  coiruHoii  air,  and  the 
lower  with  the  henvier  piis  carbonic  acid,  or  the  upper  with  liydrogeo 
and  the  lower  with  coinmun  air,  nitrogen,  oxygen  or  binoxido  of  nitnigvn, 
a  portion  of  the  licavier  gti^  will  aftj?r  a  few  lionrs  be  found  in  the  upper 
bottlO}  and  after  two  or  tliree  days  both  bottles  will  contain  the  two 
gases  ID  the  same  projvorcion  (Dalton,  ffiii.  M<t<f.  24,  S).  The  same 
result  waa  obtained  hy  Bertliollet  {Mem,  tfAraieit,  2,  4fl3)  with  a  tube 
Iti  iiicliGB  lon>r  and  |  of  an  inch  wide  plawd  in  a.  ecllar  when)  no  chnnffS 
of  temperature  could  taku  jdaee  to  set  the  in  motion.  Wheu 

Iiydrrig*(n  wa<)  the  gas  contained  in  the  upper  veeacl  the  two  gases  wera 
fonnd  to  be  miifonnly  mixed  in  1-2  <lays ;  but  when  air,  oxygen,  or 
»itri>>;t!n,  was  iroulri.lncd  in  the  upper  veE£cl  and  rnrbunic  acid  in  lha 
lower,  veveral  weeks  elap^ud  Iwforo  the  mixturt'  became  ]ierfectly  uiiifom. 

If  a  cylinder  filled  with  any  gas  and  plncoJ  in  a  horizontal  jioaitit-tt 
be  mvi^  \tf  coinninnicatc  with  llie  external  air  by  means  of  a  knce-ebaped 
tube  in  each  a  manner  tlmt  the  end  of  the  tuW-  is  directed  downwar>iU 
yf\wn  Ibo  gaa  ia  li}i;hter  and  upwards  when  it  is  heavier  than  the  air,  the 
jcas  will  gnulnally  ei^-ape  from  the  cylinder,  il«  place  b«bg  suj>pliod  by 
the  air.    At-cordiuj:  to  Orali.im, 

Of  Itltl  vuluiueM  of  giu  there  diaappoarodt 
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From  this  it  appears  that  gases  escape  tlic  moio  q^uickly  tlio  lighlor 
ttejare;  and  ttieir  eKpatiiiivg  power  nr  tiijfKfi^iHty  innhMy  varies  in 
tte  inverse  ratio  of  the  flqiiarB  rnotfl  of  tli«ir  specific  gravitioa,  Tbas 
47  ttiea^ures  of  hydrogca  escaped  in  two  liourpj  anil  tbe  same  volume  of 
carbodic  acid  in  10.  Now  Uiis  proportion  of  I  :q  ie  nearly  thai  of  iLo 
srjuare  root  of  1  (spec.  grav.  of  liydrogen)  to  tlifl  square  root  of  22  (spec, 
grav.  of  carbonic  acid.)  (Grnbaiij,) 

If  the  cylinder  contain  a  mixture  of  2  gaees,  tUe  more  diffusible  the 
two  will  etfcape  in  greater  proportion  into  tlie  air,  and  the  less  diffuaiblo 
jn  eniaUor  proportion  thnii  if  eatli  gas  were  contained  in  tlia  cylindor 
alone.  Thus  of  HO  nieiisur^s  of  liydrojj'en  and  50  of  cilefiant  gas  there 
ctKrape  in  10  hours  477  nieasitres  of  tho  former  imJ  12-5  of  tlie  latter  : 
similarly  47  mcafeutes  of  hydrogen  aud  20  of  carbonic  acid  j  tliough  in 
cases  tJic  opcnin;^  of  tlic  kiiec-iihiiped  tnbe  is  directed  downwards  ; 
furtLer  in  4  boura  tliere  escape  2C  8  vol.  of  light  carhurcttcd  liydrogni 
and  12  5  fif  carbonic  acid,  also  22"8  of  light  carbnretted  hydrogen  and 
18  6  of  olcl]a.nt  gas.  ff  two  liotlle^  be  connected  together  by  a  lubu 
placed  in  a  vertical  poaition,  the  lower  bottle  being  7  times  !ia  largo  as 
the  upper  and  filled  with  carbonic  aicid  gasj  while  tlie  upper  one  is  tilled 
with  a  mixture  of  hydrogen  and  olefiiint  gas  in  equal  volumes,  the  upper 
voBsel  will  afler  lolionnii  be  found  to  eonfain,  besides  carbonic  acid,  a 
<jaanLity  of  oleliant  gaa  whose  volume  is  4  times  aa  great  as  that  of  tho 
hydrojjoa  etil]  remaining  ;  the  latter  haa  tlieref'trCj  lu  spito  of  ids  greater 
levity,  dilTu^ed  it.sclf  through  tlio  lower  vcsael  with  greater  rapidity. 
(Graham,  f «.  Jour,  of  Sc.  G,  74  ;  also  iS'cAw.  57,  215). 

In  the  same  manner  also  vapours  difi'uee  thcm^'elves  tUiongh  odd 
another  and  through  tho  more  permanently  cla-stic  fluids. 

When  different  elaatie  fliiida  have  onue  diffused  themeelveB  uniformly 
tbrotigh  one  another  they  never  separate  again  according  to  tbeir  different 
epecilic  gravitieH,  for  however  long  a  time  tlie  mixture  maj  be  left  at 
rest ;  this  waa  shown  long  ago  by  Prie&tley, 

These  gaseous  mixtures  difier  essentially  from  all  other  mixtures  in 
the  following  rcfipccl?  ;  their  heterogeneous  constitution  giinnot  be  de- 
tected by  the  eye ;  they  tranamit  light  without  the  slightest  disturbance  ; 
and  they  cannot  be  decornpoued  by  meclinnical  means.  It  luuet  he 
observed  however  lhaf  ga«cs  when  devoid  of  colour  cannot  lie  distinguished 
frotn  o&c  another  by  the  eye;  thpy  are  invisible,  and  a  glaea  vensel 
pfesenta  the  same  appearance  whether  it  is  exhausted  uf  air  or  filled  with 
a  co^lonrless  gas.  When  therefore  two  gasea  have  by  their  natural  adhe- 
eion  diffuflcd  themselves  through  each  other  with  that  cxlreine  uniformity 
whiL^h  thoir  great  mobility  and  ligbtnesa  render  poaaible,  it  is  not  to  be 
expected  that  their  hclerogenedna  nature  ehould  he  detected  by  the  eye  ; 
and  even  tho  colour  which  some  guscf?  poseesa  la  by  thSa  extremely  inti- 
mate mixture  so  much  divided  thai  even  the  nitcroaeope  cannot  distinguish 
the  coloured  and  coloHrleas  particles  of  gne.  This  minute  division  also 
amaesthe  rays  of  light  to  bo  iiuifornily  refracted  in  the  gaseous  mixture 
and  to  go  straight  through  ;  lastly  the  same  cause  muet  prevent  mecha- 
niml  separation,  milesa  wo  can  find  aieveB  line  enough  to  let  the  smaller 
particlca  pasa  through  them  and  stop  tho  rcet.  This  peculiarity  of 
gaseoufl  mixture!  has  led  acvcral  ehcmista  to  propose  tho  following  theorioa 
—which  however  arc  likely  to  be  soon  forgotten — reejiccting  their  nature. 

I  Berthollet,  Murray,  and  others  regard  a  gaseous  uiixturo  as  &n 
imperfpiot  chemical  conibinatioii.  Ga-s-niixtures  ar&  however  destitute  of 
all  the  cbaractars  of  a  cheiaieiil  combiuatign  excepting  unifoftoity  :  (n  ) 
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Tt  is  not  troQ  tbnt  every  subgtanco  can  cumhine  with  ovary  Mhc r  :  if.  g*. 
wa(*r  mixes  with  iilcohol  hut  not  witli  otl  ;  on  tho  ccmttnty,  erefy  jra* 
whi'ther  fimnle  or  compel unii  iiiixe^  with  every  otWr  ;  and  the  rnpt<lity 
with  which  the  mintiiro  takt^  jilacc  di^jjehds  not  on  tho  clicniipal  iinliiro 
of  the  gasos,  hut  only  on  tlioir  specific  grnvities.  (h.)  Agreenlily  to  tliis 
throry  JJefthollet  Pegafds  the  CTaporatioti  of  water  an<l  other  Dodies  tn 
the  air  below  tteit  boiling  points  tta  a  chemictil  solution.  But  tha 
<jtiantity  of  iiny  eaJt  which  wat«r  oiti  (Lisaolro  increiises  with  the  quantity 
of  wat«r  prcaeot ;  oa  the  cnntmry,  the  quimtity  of  water  which  evajwrutM 
in  &  giyntn  s]ifteo  is  the  same,  whether  tho  space  he  void  of  air  or  filled 
cither  with  rarefied  or  condensed  air  :  and  tho  emportition  ^ws  on  inoet 
elowly  in  tho  In^t  uieottoncd  cose,  preciaely  that  in  which  the  quantity 
of  the  so-ealleil  soivent,  the  air,  is  tho  greatest,  fc.)  Tlio  mixing'  of  giuea 
id  novor  arttcndcd  with  iklterntion  of  temperature,  a  phenomenon  whirli 
aln^TR  Hcconipnntoa  real  chemical  coRihlnatlons.  (d.)  In  most  cljoniical 
cuiiihtnatiuDB  an  aJtcrati'Ou  of  volume  takes  place,  but  not  lu  tlio  mixing 
of  gaaes.  (e.)  The  refractive  power  of  a  ^0,300119  miiturc  is,  aooopliKg  to 
Di<)t  and  Arago,  cxiwily  tUe  menu  between  the  rcfnictivc  jiowcrs  of  tho 
individual  gn^es  which  oompooe  it;  such  however  is  not  the  ca«c  with 
real  chemical  combinations  of  game,  f.  y.  of  byilroiwn  and  nitrggen  j>r(*- 
ducing  ammonia.  (/.)  CIihd^  of  colour  is  oflcD  Dhsrrre^t  in  chcmienJ 
oonibinations,  never  in  the  mixing  of  ^es.  (g.)  When  one  Ixxly  is 
comhinod  with  another,  a  third  Iwdy  may  withdraw  the  first  and  unite  it 
to  itwif,  the  cQmbinatiou  taking  place  less  eaj!<ilv  in  most  cases  hut  nwra 
cosily  in  some  than  if  the  first  hody  wqfo  in  tbo  ^rce  st^lie  TUun  sulphur 
takes  oxyffcn  from  protoxide  of  uitn^n  at  a  higher,  but  from  nitric  acid 
at  u  lower  tompenttun}  than  from  oxy^n  gna;  but  ifaia  Bubalanc«  lake* 
fire  ii)  a  nitxlbre  of  oxygon  and  nitrogen  [atmosphone  air)  &t  ciaellv  tho 
same  temperature  m  id  pure  oxygen  pis.  AlkaiiDe  sulphites  Al>»)tni«t 
oxy^n  from  the  air  a»  ca.^ily  ns  front  pure  oxyjG;oD  gas,  hut  not  from 
protoxide  of  nifro^icn  which  ia  a  true  chemical  oomponnd  of  oiygen  and 
iiilro^on.  That  phosphorus  euCera  luto  alow  comhuation  in  tJie  air  nt  a 
lowxT  tempcniturQ  than  in  oxyjjen  g»s  is  accounted  for  by  tho  mora 
nuefied  coudition  of  the  (ixr^n  in  the  air. 

8.  Pnllon  supposed  that  in  eliutic  fluids  every  atom  of  pond^rabl« 
mutter  ie  ^urrfiundeit  with  a  sphere  of  heat:  an  elastic  fluid  ib.  thcrcfora 
to  Ite  regarded  as  a  collection  of  sphcrps  uf  heat  ofich  having  a  jioadcrabi* 
Atom  in  ila  centre.  Mis  lir^t.  lirpotbeiHin  was  tliat  tbe  calorific  splierea 
belonging  to  the  tsmio  chuilic  lluid  rcpol  each  other,  hut  not  thomn  nf  anjr 
other  elastic  fluid,  no  tbat  as  far  n*  any  other  such  Huid  ia  concerned  thaj 
may  be  rvjfarileii  aa  not  existing.  Hcnco,  neglecting  thi'  atoma  of  itondB^ 
le  matter,  wbich  moreover  aru  njqnMd  to  oooupy  an  exwedtngly 
latE  apace,  an  clnatie  diiid  may  bo  nmriei  as  a  Taciiuui  with  rcaj>c»ct 
to  otter  closlir  Hiiids;  ^e^ce  it  Is  that  bodice  of  thts  nature  drlfijw  theni- 
•elvtw  T»pid3v  through  one  iinothor.  To  this  it  may  be  replied  r  that 
oxporjonce  h(|owb  thnt  thifl  dill'iiKion  when  it  takes  place  through  narrow 
connocting  tuf>es  occupiM  soTcral  days,  vberau  aoconlinjr  to  tho  hypo- 
thera  it  on;:;ht  tu  \m  iii^Uuitaueons ;  (i)  that  this  ■ippowa  expansion  of 
the  gaatm  ought  U>  ha  atteudml  with  mluetHm  of  temperntHre  ;  (e)  that 
aeoording  to  thla  hyjiolhwiis  Iho  atoms  of  the  jpuos  mqnt  oflon  be  brongfat 
into  immediate  contact,  ami  roni"'f]n>-til  Iv  mir-t  nunliliiL'  w  !ii-n  tbey  h«»0 
any  nlllnity  fur  cneb  other  ;  such  liii^i  <^  <  :  i-ijitdi.  1  i--  n  the  greater 
iLumIx  1        ■  tv  rtuid». 

D.i.  .  loTu  aficrwardB  imumed:  Uiat  the  s|dionUv«  vf  diJf«ODl 
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gases  aniL  vnpnurs  uaircrsalty  repel  each  other.  He  explninod  tlieir 
mixture  by  STipijusiDg  tlieir  sjihcrnlos  to  be  of  tlitrprent  sizes,  so  that  when 
they  TOiiiif  in  ciKiLot't  the  itiHercnt  Bplieruloa  prvss  npon  eatli  oLbprim- 
crfDally  iinJ  product.'  currunts  till  the  wh»ik'  hue  leconie  uiiiforuily  itiixml. 
It  Ijowevcr  we  ralcuUtc  the  eiso  of  the  ephentlce  on  this  hy]i»tln?8ii>,  lint 
>(!C<)riJii)^  to  mom  acciirute  expurimeDt^,  vre  fiad  lliat  iill  elii^lc  fluiila 
may  Ijo  •iivided  into  7  ola^sea  at^onltn!;  to  tho  uiairiiitude  of  tteir  ;tra9'-'<JUS 
ijUtcrules:  if  the  voluiiiu  of  the  gaispous  F[ih«nilc¥  of  sulphur-mpour  b© 
wMainv'i  €ijual  to  1,  llial.  of  oxyg^i]  e^as,  olffiant  gas,  phosphoriiB  vnpiiur, 
&c.,  vnU  he  3,  tif  hydrngi'D,  oitrogpn,  ami  (jhlwriiLe  gases,  &c,,  6,  that  of 
bydrocMoric  Bflid  gas,  AiuTnoaiaca)  pia,  li,  snJ  that  of  some  others 
$i  18,  and  ii,  Aoconliiig  to  this  hypothems  gases  wdich  helong  to  one 
and  the  mue  a]ns9  and  therefore  have  epherules  of  equal  magnitude 
ODghl  not  to  mix.    Comp.  Draper  (Pkit.  Mag.  J,  13,  2il). 

Mixture  of  ii^oa  likewise  takes  plwee  when  they  &re  separateil  by 
tho  int<^r|>oaitioEi  of  a.  porotis  body.  Id.  this  more  complicated  cnao  wo 
bftre  to  oonsidcr,  twaidcs  tlie  various  difl'u^iiLilities  of  tlio  gases:  (1.)  The 
OHdlDen  of  the  jxires  which  mity  fa.vuiir  the  penetrntion  uf  one  gas 
nth«f  ih&n  of  the  other.  (2.)  T!ie  different  degrees  of  adheaion  which 
tbe  <dta||}hrngm  ererts  upon  tlie  difforcnt  ^sm,  by  virtue  of  which  the 
gM  which  sdhorod  mo»t  puwerfulir  iienc<trnu^«  the  lUafthnv^  most  tnsWj, 
and  attaining  lh«  opp«ett«  aurfacr,  mixes  with  tho  other.  (3.)  The 
dificreal  dcgreog  of  aftiuily  of  the  dinphragm  for  tho  gnacs  (e.  (f.  of  water 
in  a  wet  bladder)  by  which  the  ^aaes  arc  absorbed  and  carried  to  the 
other  side  of  tho  diaphragm.  The  following  caaee  reqnire  partiruUr 
notice: 

Crackt  in  G/ass.  Hydrogen  gnsj  kopt  tn  a  cracked  rccciTer  standing 
OTor  water,  eaeiipca  by  de^rnen  thrtntgh  tho  cmck  into  tho  gurroanding 
air,  tho  WRter  Qoder  the  receiver  rising  to  tho  height  of  25  inch  uboTO  the 
onipr  level,  Tiie  remaining  hydrogen  eontaina  7  per  pent,  of  nitrogen 
bat  no  oxygm.  If  the  n'eciver  bo  filled  with  oxygea  and  nitntgon 
instead  of  hydrogen,  nothing  will  escape  from  it.  In  the  same  manu«r 
bydrajreo  escaf^ed  oot  of  hottlps  closed  even  with  well  ground  stoppers,  if 
Lne  fftoppeni  are  not  greaswl.  {f/ahereintr,  Vebtr  new  enUJecStU  kodiit 
mrrhi'Hrdi^e  EigenKhntten  des  J'hiins,  Jam,  J825,  b,  15.)  The  cmck 
mut  bo  netlher  too  narrow,  in  whieh  eaeo  it  would  allow  no  hydrogen  to 
paw,  nor  too  wide,  in  which  it  would  give  papaagii  to  other  gases  woH ; 
vt  often  becoBiea  too  wide  during  the  esperimetit  from  uneiiual  pressure  of 
tbe  air,  If  the  cracked  receiver  eoiitainiiig  the  hydrogen  be  placed  over 
ft  trough  tjf  mcrcurv  nml  covered  with  an  uncnitbfd  receiver  eontaining 
air  or  carboTiie  acitl,  the  iiterciirv  will  rise  in  the  inner  recoirer  to  tho 
height  of  an  inch  or  two,  :ind  Mnfc  in  the  sfime  proportion  in  the  outer; 
but  when  the  ditibrcneo  wf  level  atnouutu  to  about  2  inches,  tho  air 
bfgiiJM  to  enter  tbrtmgli  the  crui-k.  If  the  inner  eraekpil  rceeiver  be  tilled 
with  air  and  the  oiler  with  liydroyen,  the  mercury  will  rise  in  the  outer 
aod  giok  in  the  inner,  pmving  that  tho  hydrftgeu  makes  its  way  through 
th«  crack  in  opposition  to  Us  smaller  spc-cifio  gravity.  (Magnus,  Pogg. 
10,  153.)  Supposing  it  to  bn  established  that  the  reniaiuiiig  hydrogen  is 
froe  from  tdl  Cr»cef>  of  air  or  caHrfxitt;  ncid,  which  however  is  questioned  by 
OrakHH  who  iriippoaes  lhat  an  intcrtbange  taken  place,  then  tbeee  experi- 
Btflnt*  would  i^how  that  the  BmflUcr  afoina  of  hydrogen  are  capable  of 
milking  their  way  through  intervals  wbieh  are  imperviou*  to  tho  larger 
atoiTiM  of  earl)rtniri  acid.  i'c. 

Bottled  Hlled  over  mercury  with  tlotonaling  gas  (a  luixlnrc  of  1  vol  of 
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oxvRcn  and  2  of  hydro^ren)  tu  j  uf  their  bulk,  cloeotl  with  well  grftun'l  Iiiit 
ungrrnscil  stoppers,  and  InverLtJ  in  iiiepciiry  in  jkucIi  a  luanner  tlint  (hn 
level  of  lIk'  liiiuid  nmy  be  eonicM'lint  lower  without  tliaa  and  kept 

in  a  dark  plac-e  for  15  niontlis,  are  found  still  to  contain  the  s^me  voluom 
of  gas,  ^  of  tlieir  bulk,  but  this  gas  h  a  raixtiiro  of  aljout  equal  parta  of 
detonatiDg'  giia  aad  cninmou  air.  An  interchange  of  gas  nud  air  has 
therefore  tAkeu  pluco  Xxilh  hetivocn  the  ffln^x  and  mercury  iit  the  outer 
and  iuner  surface  of  tlio  bottles  and  !ikewii*o  through  the  ititervtJi 
between  the  necks  and  atoppflra.  (Fara<lay,  Qa.  J.  of  iic.  22,  220;  also 
Poffg.  S,  12-* ;  aud  K<u(n.  A  rch,  3,  398.) 

EaHhf-mwf,  i^Ji^i'iml  W^altjeiefjod-imTf.  Wten  gases  arogcoerattd  1q 
oirlliCH  retorts  nr  coiiducte<l  through  earlliflnwaro  tabes,  portions  of  them 
pscni>r>  through  tUo  pores  and  are  replaced  by  nir  entering  froin  without, 
or  when  the  t'ltrthcn  re.s.'^els  iirQ  plficqil  in  the  fire,  by  nitrogen  and 
carhntiio  acid  gases.  If  we  beat  lu  »u  earthen  retort, — which  when 
immersed  in  water  is  ini]>ervious  to  nir  blown  into  it  but  pervious  under 
the  stronger  proMUrc  produced  by  the  air-pump, — wftter,  hydrate  of  lime  or 
tneist  cbiy,  cither  to  tednesa  or  but  just  above  the  Itoiling  point  of  water^ 
Tcry  little  water  is  cvolvcil  from  the  retort,  the  j^reater  pa,tt  eyenpiiig 
through  tho  pores;  but  there  ia  obtained  a  quantity  of  atnioephcrtu  air 
anioiiti ting  sometEmes  to  of  the  woirrbt  of  iho  water  present  and  e«n- 
taining  less  oiygcn  and  triope  earlionic  aeid  (ohtAiTicd  from  the  fire)  tiiaa 
common  air.  If  the  retort  is  encloscrl  in  a  rtM-eiver  atandiug  over 
mercDrVf  the  neck  together  with  the  i^'as-Jeltveiy  tube  piiaeinj;  airtight 
through  an  opening  in  the  top,  and  heat  It4  applied  to  the  retort  ^y  means 
of  .1  large  lens,  a  con,HiJorabIe  quantity  of  air  \n  disenpa^^'cd,  water  collects 
over  the  inorcury  and  the  mercury  risea  3,|  inehoi  if  the  retort  is  made  of 
c&nipact  earthenware,  to  a  fnialler  height  if  it  ia  more  porous,  tho  air  of 
the  receiver  ]H'i«otriitinp  into  the  retort  appiiretitly  la  opposition  tn  tbfl 
laws  of  hvdruutiitic^.  If  tlio  pcceiTOr  contains  hydrogen  or  binoxido  of 
qitrogen  tmstcud  of  common  air,  the  mercury  rises  in  like  manner  and 
tbo.«c  gasca  lesue  from  the  gas-delivery  tnbo.  From  tbo  same  cause, 
when  vapoar  of  water  is  piwsjeil  tlirouali  a  tglfacco-pipo  tube  heat«d  to 
rodiiees,  «  mixture  of  ^ses  is  obtained  differing  little  from  commou  air, 
Vessela  or  tubes  of  chalk  or  white  marble  act  in  the  «anic  manner  as 
earthenware  vessels,  (Priestley,  Ejrper.  nn'l  Ob*.  3,  29.)  When  black 
oxide  of  manganese  is  heated  in  A  Wpilge wood- ware  retort  aitd  the 
Kwulting  gas  Collected  iu  separate' portions,  the  Hr«t  portion  cont\in3  23, 
tba  eecond  25,  tho  third  -26,  the  fourth  44-7 .j,  the  fifth  44,  tho  sixth  -IS-^, 
thff  serenth  41,  and  tho  fi^liih  18'25  per  cent,  of  [«SLyg*n.  The  earlier 
jMJrtioiis  are  contain iiiated  with  tho  air  of  the  ve.'iscl,  tho  klter  with  tho 
mixture  of  nitrnsen  and  cnrbonie  acid  ga«eH  whicli  penetrate  into  tli4 
retort,  thi;  quantity  of  ihiM  mixtare  eonlinually  increawiufr  with  th« 
enlar(fcmeut  of  the  porcH  by  tho  hmt,  (and  with  the  inrrcAmd  dttfiuibility 
of  the  gases  conii(>(|uent  ii|M>n  cxputuion,  Grnhna).  rfalf.  (.VcAu?.  18,  60.) 
This  mixing  of  giLsfw  ihruugh  earthenware  explain'^  thu  inctimxl  resulbi 
of  oortain  old  expcriniciil*,  in  which  vajiour  of  water  was  eaid  to  bo  coii- 
vi^rted  itit'j  nitrogen  ga-i  bv  pa^uiiug  it  tnrrti];;h  red-hot  tnlH>>4,  »nd  chlorido 
tif  silver  to  ho  roducoil  by"lieatir;r  it  in  rrUiri*  with  dry  rhureoali. 

G^piittn-  U  one  end  uf  a  gliuu  tube  be  cloGcd  with  j^vpeum-iMwilo, 
aad  aft<<r  tlie  gyp«um  htw  dried  and  lianli'ned,  ihf  tube  lio  filled  with  uuy 
gas,  tU  open  eiid  iilnngL"!  under  mercury  and  its  closed  end  expoaed 
either  to  the  air  i>r  to  nu  ntmosptere  of  any  other  gu  contained  in  ft 
receiver,  the  inni?r  gas  will  racnpo  and  tho  outer  cuter  tho  tubo^  id  qunii< 
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titics  TvliieFi  are  ttiveraely  ns  tlio  square  roota  of  tlieir  densities.  Tliiis 
3'87  measures  of  tiydroKcn  whicli  p-Bcapo  from  the  inner  tube  are  replaced 
by  1  mensnre  of  atniosplioric  air.  Now  putting  the  deusity  of  air  ^  1, 
tSat  of  hydrogen  iia  0-0668;  the  eqoaro  routs  of  Ihoso  nunibcra  are  I  and 
0  and  0'2623  :  I  =  1  :  3*8T  nearly.     Diffusion  aUo  takes  pkco 

though  very  slowly  through  flexible  dolomite,  coul,  wood,  and  dry  cork. 
(Graham,  r/iil.  Mag.  J.  2,  175,  269  and  351 ;  nbstr.  iu  Pofftf.  28,  331); 
ilIfo,  ElitineiUs  of  C/temiatry  1^  S3.  Thomson's  obaerratJons  tbercapon. 
(Phil  Mat;,  J.  4,  321.) 

Caoulc/iouc.  A  sheet  of  caowtclioiic  tted  over  tho  opening  of  a  wide- 
muuthed  bottis  full  of  hydrogen  gas,  is  soon  pref-^ed  inwards  even  to 
bursling.  If  tho  bottle  be  Ullod  with  air  and  ptaeeil  in  an  atmotiphero 
hydrogen,  the  swelling  and  bursting  take  place  outwards.  A  welt  closed 
bottle  of  caoutchouc  perfectly  empty  doea  not  distend  when  placed  in 
hydrogen  ffiku:  but  if  it  contains  a  Bmall  quantity  of  air  Jisteasion  takes 
pl»cie.  Almost  all  gmm  excepting  nitrogcH  exiiittt  the  same  relations 
towards  cqinmon  »ir  as  bydrugen  does,  but  in  different  degrees;  they  all 
pcnotratu  caout^huuc  witli  varioua  vetiwities  in  order  to  mil  with  air, 
lu  order  to  nioasure  tlieae  various  velocities,  a  sheet  of  caoutchouc  is  tied 
over  tho  shorter  funnel-sliapeJ  arm  of  a  sipbon-tubc,  miprcury  is  poured 
into  tbe  other  ann  which  \b  made  very  long,  eo  that  a  portion  of  air  may 
Temain  between  the  merqnry  and  tb'O  caoutchouc,  and  the  sliorter  arm 
introduced  under  a  rGcoiviir  standing  ov«r  tho  mercurial  trough  and  filled 
with  the  gas  to  be  examined.  Tliegaa  penetrates  the  caoutchouc,  mixes  with 
the  aif  aud  lucreaisea  its  volume  ;  consequently  the  biercurv  in  the  longer 
arm  is  driven  upwarrls,  sometimes  to  tbc  height  of  63  inches,  nud  tnight 
bo  driven  higher  if  the  caoutcbouccouldsustain  a  greater  pressure  withont 
bursting.  By  esperimcnting  in  this  manner  on  different  gases,  it  ie  found 
that  the  eame  volume  of  ammouiacal  gas  obtains  acce^  to  tho  air  in  1 
niiuEitCt  ns  of  sulidiuretted  hydrogen  m  24',  of  <^yanogen  in  Sj',  of  carbonic 
acid  in  5y,  of  protoxide  of  nitrogen  in  61',  of  arecniuretted  hydrogen  in 
27^',  ot  otofiant  gas  in  28',  of  hydrogen  in  37^',  of  oxygen  in  an  hour  and 
53',  and  of  carbonic  oxide  in  2  lire,  40'  Caoutchouc  appears  from  this  to 
ahfiorh  gases  with  different  degress  of  facility;  of  earbonle  acid  it  absorbs 
ita  own  volume  and  swcUa  up  in  consequence.  (Mitchell,  ^oy.  Inst. 
2,  lOh) 

Animal  Membranes.  A  moiat  bladder  or  moietened  gold  beatcrs'-akin 
acta  like  a  sbcot  of  caoutcliouc.  (Mitchell.)  A  moist  blailder  two-thirda 
filled  with  coal-gas  or  air,  swells  wlien  suspended  in  carbonic  acid  gas  and 
finally  hursits,  In  this  experiment  as  much  as  40  per  cent,  of  carbonic 
afid  sumctimcj  misc*  with  the  coal-gas,  while  only  a  very  smaJI  quantity 
©.f  the  latter  eHcajjes  into  tbo  atmosphere  of  carbonic  acid.  Hence  thq  water 
of  the  moistened  bladder  absorbs  earbonie  arid  and  gives  it  op  again  on  the 
iunor  side.  (Graharn,  Qa.  J.  of  iSV.  6,  88;  also  •ScAu:  i7,  227;  extr.  in 
■P'>ffg-  17,  347.)  A  jicrfcctly  dry  bladder  containing  air  dooa  not  dintend 
in  carlionic  acid  gas;  a  bladder  nioderatety  wetted  expands  to  a  greater 
extent  than  one  which  is  thoroughly  snaked;  for  the  thinner  tho  film  of 
water  which  absorbs  the  gas,  the  soonar  will  the  gas  reach  the  opposite 
HUrfuce.  If  the  bladder  containing  air  bo  tnoiatened  with  alcohol  (which 
absorlia  carbonic  acid  more  readily  than  water  does)  it  will  expand  in  an 
atmosphere  of  CA,rbonic  acid  as  quickly  as  if  it  wero  moistened  by  water — 
but  not  more  eo:  the  alcohol  likewiac  cauBes  it  to  nhrivct  and  eoon 
destroys  its  power  rpf  trananiitting  gaaeB.  Rubbing  tho  bladder  with  oil  of 
aniae  or  olive  oil  (neither  of  which  absorbs  carbonic  acid)  prevents  the 
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eipanfiion.  A  wet  MmlJcr  containing  air  DXpands  more  ■quii-kljr  in 
fiuSpIj II rotted  faj-Irogcn  tbun  in  cirbonic  aoid:  after  Wing  diEteu^led  a«  fur 

possible  Id  the  lEL«t-niciit.ioned  gM,  it  will  expand  Etill  furtlier  if  placed 
iu  an  s^tiuo!>pbcrQ  gf  sulplturottwi  hydrogen;  wheross,  if  ciposed  Ui  the  Rff 
it  nrill  r^g^LD  its  ori^ineJ  sieo,  A  bladder  containiug'  sir  elLsd  cxpiLDrts 
when  tmmertted  id.  watBr  holding  cnrbonir  acid  in  solution,  but  not  »o 
c|iiiickty  as  in  an  atmospbcre  of  tbm  put.  A  HkIi's  nir-b]a'ldt<r  ex{iiLn<lB 
under  tba  aboFe-montioned  circoniidtiiDOCA  more  quickljr  ttmn  a  uriitaty 
bliidJer:  on  tbo  uontrary,  this  property  is  not  exhibited  tfy  the  lining 
niembrane  of  a  fowl'^  o^^  or  by  curried  sheepskin  ;  this  latter  allow?  air 
and  rarbonic  acid  to  pas^  throiigb  it  vith  e<^ual  facLlitv-  (Baiiin^rtiier, 
ZfriUdtrift  Pk.  Math.  8,  ».)    Tli>ds«  experiments  Hhoor'thAt 

prf^i^ri>cd  iu  bladdor^  wittioat  alteratioti.  If  &  (lioM  of  bliLditer  be  tied 
over  tho  nppcr  and  widened  end  of  glats  tube,  the  tnbe  then  tjUcd  with 
water  and  its  lower  end  pluRj^d  nnder  meronry,  tlio  mcrcnry  will  rise 
wiiliin  it  to  the  height  of  3  inehes,  in  conaeqoence  of  the  water  pcnetralinj; 
LliD  hlculdr^r  and  escaping  into  the  bir:  but  iie  eoon.  s«  this  height  is 
nttfiiHcd  the  pores  of  the  bladder  allow  nir  to  pans  thmn^h  ihem  and  tbo 
further  riao  of  tho  inercnry  Is  prsventetl.  (Magnus,  Pf^^-  10, 
Adowdiug  to  KiecLcr  {Pwjg  11,  130)  who  fwrhnpH  made  use  of  a  Blrongor 
Uiilder,  the  mercury  may  attnin  the  heic^fat  of  IS  inches  or  even  more  ; 
it  Bltinubtely  reaehep  tu  the  bladder  it^^olf,  (ho  whole  of  thfi  wnti^r  tfvnjm- 
rfttiD^and  learinj^  nulliiu^  but  a  elimy  residue,  if  a  tuhi*  t^ealfd  st  top 
and  Uod  over  with  a  of  bladder  at  the  bottom  Ih^  filled  wiili  wntc-r 

and  exposed  to  the  air,  the  biriddor  will  t>e  pro.'^i^d  inwnrdj)  in  eonwipieiico 
ofthfl  evaporation  of  the  water  iind  :iir  will  enter,  not  howpveriii  buMdpf, 
bat  di««lvc<i  by  the  watpr:  llioairthn^  tntrrtdiiCL'd  cjllfct:*  at  the  upper 
«nd  of  tho  tubo  on  the  pifpouw  form.  »nd  tiiially  ali  tho  water  cvapomlo* 
And  the  tube  bcconiee  HIM  with  air.  (Piscbtr.) 

2,  Adhftinn  of  daalic fitiiJi  to  tolitU. 

1.  Wowl  and  other  »olid  bodies  imtncrK^d  io  watQf  or  other  litjuida 
apj*™r  covered  with  air-bobbW, 

2.  The  oiow  ftdboaion  of  a  thin  lilni  of  air  and  mpfnir  of  wat^r  to  th^ 
Mirfnoev  of  glvB  tnbea  is  the  crupo  of  ihe  ditficulty  of  olitaiuinp  Iwiroino- 
Uth  imd  themioniofers  free  from  »ir.  This  tbin  film  of  air  and  vtiponr 
rannot  Iw  removed  by  tbo  air-pump,  bnt  only  by  boiling  tJie  merrmry,  rho 
vajwiar  of  wLieh,  as  it  Oftciipc*,  carries  the  nir  and  aquwus  vapour  Jilong 
wilii  it.  That  unb<iil«ii  nierenry  is  free  frmn  air  and  wulpr,  and  there- 
rorf>  hn^  n'llhin^  to  do  with  tbo  dtlKriiltv  in  «iucstion,  is  ^buwn  amonj^ 
other  priiof*  hy  thif ;  that  when  mercurv  is  lMii)p<i  itt  a  narrow  baronietcr- 
tabe  bavin^r  a  inr^^'r  bull)  at  ono  cmd,  iind  the  hit>«  inrcrt^l  in  a  hruiin  of 
mmmary  and  inrhnol.  then  if  the  qnantily  of  boiled  mereury  bo  noi  xuf- 
fioieatto  fill  the  bei)l>.  but  in  conscjnence  a  eonsideraible  qnantitv  of  nn- 
IraiJed  nwreniy  muat  enter  it,  the  barometer,  on  hrin^  mt  niiri^fit  ajraiii, 
will  fltand  at  CIm  now  beigfat  ai  beforo.    (Bellani,  Pi-ui^t.  (huen.  Iff. 

3.  This  power  pooBOwed  by  solid  bodte*  6xine  ehwtie  fluidtt  on 
tJMir  fuftieiui,  U  mncli  iiimaaed  when  the  extent  tA  Hur»e«  in  onlargecl  by 
{Mhwriziug.  All  pulrariaed  Ixtdie*  are  more  or  len  hy^roscopie,  i. 
Ifaj  beeaM  i»v«red,  m  rrpomire  lo  tbe  air  even  Ihtrtisti  it  may  bo 
T«y  Jry,  wHh  a  fihn  of  eoBdetkeed  rapour  of  water,  and  nleo  of  non- 
deoeed  air,  by  whieh  tlirir  weight  may  be  iiiiliMaiiil  satno  ,1  or  4  jwr  cent 
Many  bodioa  vovm  tv  )>oiwm)>  the  pm'perty  of  rondeanaf  the  OXTROB  of 
Mm  air  on  tbeir  Biirfaoea  tn  prvference  («  tbo  other  gaaoa  vntoiDea  !■  it. 
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3.    Ad-hfsion  bftwfen  hquiJs^ 

1.  TIic  spreadio^r  of  water  ovor  tbo  aurfaco  of  mercury  aceniB  to  arise 
cliiefly  from  tbia  rauw. 

2.  Wben  one  liijiiid  is  very  Intimately  mSicdwit'h  snotbcr,  boUilioiiig 
pt'rfcdtly  tranffparciit  when  sqianite,  a  turliiJ  and  ■ofteu  milky  fiuid.  citJlcn 
an  t^mu(i,)<>H,  is  produce*!,  out  of  wLich  tlio  two  Loclios  J5L'|iiirn.te  eilowly  in 
tiljoitieucc  to  llioir  ilifl'crent  specific  ^i^ravitios  j — e.  tj.,  diatilled  watCT  over- 
cLargciI  with  a  volatile  otl. 

4.    Adhesion  letween  liquids  and  solids, 

1.  If  a  plato  of  auy  ftolid  body  bo  placed  in  t^nntoct  with  the  Aurf^M 
of  a  lirfuid,  a  certain  force,  ilotoriuiisalile  liy  weight,  ia  rcquircil  t-o  aepa^ 
ritt«  tLein.  Experiments  of  tliis  kind  are  deacribed  by  Giiyt«u  MorvoaUr 
iu  tlic  E myelnjiedi^  M/^Utotii'iw;  Paris,  IT'iti.  (An  instan<re  of  tine  cotn- 
biaed  actiou  uf  euliesiou  and  adlii?si&u  is  all'orded  by  Lh«  ho)iiiu;u^  to^tlier 
of  two  glass  plat«a  having  a  filai  of  water  or  oiJ  l>etwe«n  tSiimi.)  Li- 
quidjj  attacli  tboiuselvcs  to  solid  liudiea,  even  in  opposilion  to  thoir  owb 
weight  and  cobcaioa,  uad  ri«i3  aloo;^  their  eurfaces,  e.g.,  the  coucaTo  enr- 
faoe  of  water  in  glass  vesnela;  wntiug;  painting;  tbo  rise  of  liijuids  in 
capillary  tubes;  blotting-paper;  tbo  rope-pump.  The  beigbt  Ifl  which 
tho  li({aid  ri-^ea  for  a  given  diatauce  botweon  the  waUs  uf  the  enlid  body 
afl'onU  a  moasuru  of  the  force  of  adheBion.  Eartbien  roeseJs  fiHed  wiin 
water  boliliiig  ciirbonato  of  aoda  in  eolutiun  and  chargod  uudor  strong 
pwf«njra  with  carboqic  acid  ga?,  exhibit  the  foJiowiug  pkenon)cua  accord- 
ing (o  the  degree  in  which  they  havfl  h^n  tinjd: — (a.)  Well,  but  mot 
thorougbly  burnt.— Th«  wiit«r  holding  the  cathon:ito  of  sodn,  in  Bolutiou 
ia  by  tbo  pressure  of  tho  carbonic  ucid  gas  graitually  and  completely 
dlivon  ^rongb  the  pOres  of  tho  VBssel;  on  opening  lli*  vesael  after  it  faaa 
become  thoroughly  dry,  the  goa  cttcapcs  with  violeace.  H6ncie  water 
ptksse^i  Kioro  easily  tLrough  very  narrow  porca  than  carbouic  acid  gas, 
DMaose  the  atoma  of  the  latter  arc  eurrounde<l  with  spheres  of  heat, 
(ft.)  From  vessels  ttill  lesa  burnt  tho  gaa  csscapcs  white  tho  whola  or 
the  greater  part  of  the  liquid  r&maini<  t>ehind:  for  wlicn  the  pores  ara 
sufficiently  large,  th&  gas,  beiug  the  more  moveable  body,  escapee  ntor« 
quickly  than  tho  water,  {c.)  If  tho  vessel  has  been  liiit  very  slightly 
baked,  tlie  ga«  and  liijuid  escape  togfltheir,  the  latter  in  the  fonn  of  tino 
rain  or  niii^'t,  an  loof;  ns  the  pressure  of  tho  gae  ia  siifllciciit  to  force  it 
ouL  (Jeffrey,  Phil.  Map.  J.  16,  10.)  Cracks  produced  in  the  Bcahxii  end 
of  a  glaiiH  tulK!  by  boating  and  then  wetting  it  with  water,  may  be  of  four 
degreea  of  tinouos.';.  (n.)  Tho  widest  allow  water  to  esrape  when  the  tube 
is  cxp^l^^ed  to  the  air.  (A.)  Those  aonicivliat  iiirrowor  onlv  when  iru- 
mcr«^  in  water,  (c.)  Still  nnrrtjiTer  cracka  are  pervious  only  wbon  the 
liijuida  within  and  without  the  tube  are  of  different  chemical  nature  and 
dtepoacd  to  combine ;  no  riiting  of  tho  liquid  takes  place  m  in  cmloBiiiwo ; 
no  evapo  rati  otl  of  water  tikes  place  on  exposing  the  crai;k  to  the  air. 
{d.)  Cracka  of  yet  greater  tinencB»  arc  peruioable  only  under  the  follow- 
ing galvanic  conditluna :  the  tuira  containa  a  eolation  of  nitrate  of  eilrer 
with  a  platinum  wire  immersed  in  it,  the  oater  vesiiol  coDtaisiog  water 
with  a  line  wire;  tho  zinc  and  plaiiTium  are  iu  mctaUio  contact;  nnder 
thert  ci  reams  lances  a  portion  of  eiEvcr  is  deposited  on  the  platinutn  wire, 
In  the  conrec  of  24  bourn,  and  tho  water  is  found  to  contain  a.  very  flniall 
quantity  of  nitrate  of  zinc.    (N.  Fischer,  I'ogy,  \  \,  1^2,) 

a.  When  a  ifolid  body  in  a  state  of  minute  division  is  ditfasod  through 
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a  liquid  hy  any  ipecbankal  or  cbemical  fore*,  it  Twcomies  titsptfided  la 
coiase(|iienc9  *>\  its  adliesioo  to  llto  liquid,  and  fiflt^n  Feparatc^  liut  very 
iilowly.  The  separation  «f  the  euspendeJ  tody — {a)  by  Joavinjf  tlic  whole 
to  elainl,  and  then  pouring  off  the  li^juiil  from  tlic  sedimtfiil  at  the  bot- 
(■oiB,  or  drawing  iL  off  witU  a  siphon,  ia  the  proctss  of  Suhsidation  ftiini 
Drcanialiein ;  {&)  hy  combining  it  with  ii  third  body  so  aa  tn  form  larger 
and  aonaiispcndiblo  masses,  thnt  of  Clnrljicalion;  {c)  by  (wuring  the  liquid 
tliruugh  a  ^nely  porous  siitistaDco^  wliich  perhaps  acts  by  a-dhesion  on  iLfl 
fluspeudod  body,  that  of  Straining  or  FiJtratlon. 

1.  JSndotnioie.  When  two  liquids  capable  of  mixing  arc  BCparnted 
by  a  porous  diaphmgm,  oaAi  of  them  permeates  tho  diaphrn^m  in  order 
to  mix  with  the  other  This  oxdiange,  however,  alwayB  takce  place  in 
unequal  proportions,  eo  that  tho  voitinie  of  the  «ne  Liquid  increaeca  whil& 
that  nf  tlie  other  diuiintBhcs;  but  iBotue  portion  of  the  hitter  always  g(K3S 
over  to  mix  witli  tho  former.  Tho  Btronger  current  ie  called  by  Dutro- 
chot,  Endosmosf,  the  w<?afcor,  Exoemose;  the  increasing  liquid,  llieroforo, 
is  Bald  to  oxbibit  endosmobc  that  is  to  Bay,  the  other  liquid  goes  into  it. 
Thifi  unequal  pen^stratiou  la  mainly  altribntalde  to  the  dillVrcnt  de^ees 
of  adhesioD  exerted  W  the  diaphragni  on  ihc  two  liquids ;  that  which  ou 
account  t»f  stroqger  adboeion,  entcTH  the  diaphragm  with  greater  facility, 
will  eooDcr  reath  the  opposite  surface  and  tlitro  be  taken  up  by  the  other 
liquid,  Diftcroncc  of  viscwily  may  also  liave  enroctliing  to  do  with  th« 
crfect.  Exi>erimcTit«  on  this  subject  are  usually  niade  by  placiug  n  glass 
tube  or  inverted  lilt^r  closed  at  the  bottom  by  a  diiipnnigiii  and  fillod 
with  ono  of  the  liquids,  in  a  rossel  which  contaius  tho  other^  both  (iquide 
In^itig  made  to  stand  at  ttio  samo  hoight.  The  level  tltcii  risea  either  in 
tha  inner  or  the  outer  vessel,  aceording  to  the  nature  of  the  liquid;  if  the 
two  currents  are  of  the  eamo  strength,  the  level  remains  unaltered, 
although  the  fluids  become  uniformly  mixed.  The  obaen-atinns  nia<lo 
upon  this  phenomeuoD,  arranged  according  to  tho  aaturc  of  the  diaphragni, 
are  as  follows : — 

a.  SrtkM  eailhempare.  Endoemosc  proctwda  from  water  to  solution 
of  aulphuron;)  acid  of  1'02  ap.  gr.  to  dilulv  eulphuric  acid  of  1*054  Kp,  gr. 
and  to  sulphuretted  hydro^n  water:  on  lliiv  contrary  it  proceeds  at  all 
degrees  of  Icuipcrature  and  concentration  fioiii  oxalic  and  tartaric  acids 
lo  water*  (I)utrocbet.) 

b.  Caoute/toHc.  Through  any  material  eoverod  with  caoutchouc  cn- 
(InnmoK  proceeds  from  alcohol  to  water,  lirsl  slowly,  but  afterwards 
quirkly,  when  [he  caoutchouc  lia«  been  acted  upon  by  the  alcohol ;  at  tho 
nnic  limt!  the  alcohol  bccoicied  more  and  more  dilute  by  tho  action  of  an 
upiwailt)  stream  of  water.  (Dutr'fchet.)  A  cathutehouc  botUc  filled  with 
ether  gnidually  empties  ilsclf  tn  alcohol  or  water;  if  filled  with  alcohol 
it  dii-teiidjt  in  ether  hut  enii^-ties  itself  in  water:  if  filled  with  water  it 
dictendi^  when  placed  either  in  alcnhol  or  in  ether.  Hence  caoutchouc  is 
mo«t  pcn  ioU"  In  ether  then  |o  alcohul,  and  litstly  to  water.  (Mitchell,  J. 
Itoy.  /nit.  -2,  112,  and  317.) 

Uladdrr.  Ktidnamo««  procecdB  at  10°  C.  from  water  lo  dilute  sul- 
plmric  acid  of  1  093  sp,  gr, ;  but  in  (he  coutmry  direcliou  with  sulphuric 
acid  of  ri).»4  up.  gr.  It  »l»o  urocoeda  from  solution  "f  wulpbiirous  acid 
nf  l'tl2  tip.  gr,  to  water;  botn  theae  acid^,  howoTor,  »oon  destroy  tho 
bladder,  and  (hen  the  two  liquinls  rCa^sume  the  sanjc  level.  {Diitrocbet.} 
Solution  of  ■u!phiif*-l1cd  hydrogen  goes  over  to  water  iMtonitDB-  In  Dutro- 
ehet  ;  but  according  to  Mitf-hcll  thn  exrbangp  tnkc;i  pKice  without  altera- 
tion of  volunto.    At  10"  C<  hydrochloric  acid  of  l  Oli  sp.  gr.  r«Riatns 


ADHESION. 


ia  e<juiUW3uTn  with  water;  if  the  aclJ  is  etrongfir,  f.ij.  1-02,  tbe  water 
goes  over  to  it;  if  weiikcr,  e.^.  1*015,  it  goes  to  the  water;  at  22°  C.  it 
hiust  te  diluted  to  l-fl02  sp.  gr  in  order  that  eiHlosrioHe  roay  be  directed 
from  it  to  water.  (Dutrocliet.)  At  10°  C,  nitric  acid  of  I'OtIsp,  gr. 
remaina  ot  iho  Bame  level  as  water;  if  the  m.  gr.  he  1-12  or  hi^Ler,  the 
wat*-r  goes  to  the  aciil;  at  1-08  sp,  gr.  ami  under,  the  acid  goes  to  the 
water.  (Dutrochet.)  Sulutiou  of  oxalic  aflid  goea  over  to  water  at  alt 
de^ea  of  temperature  and  concentratiun;  the  more  it  ia  cuacentiatcd  ths 
faster  it  travelw:  on  the  contrary^  it  filtcra  tlirougli  tlic  biadder  much  more 
slowly  tfaiLD  puro  water  (the  alowncBa  increasing  with  tlio  concentration) 
if  the  lower  eurface  of  the  bladder  be  pl»ced  in  conlnct  with  a  enliitkon  oF 
the  eaoie  atreuglli  as  that  whoue  rnte  of  liltration  is  to  bo  determmied. 
This  seems  at  variance  with  the  supposition  that  endoBinoso  ia  due  to  dif- 
ference of  adliejsive  pO'wer,  A  solution  of  1 1  parts  of  tartaric  acid  in  100 
of  water  {?p.  gr.  1-03)  remain*  in  einiilibrio  with  pure  water  at  25"  C; 
with  ft  stronger  soiutluu  tb^  pnncipni  current  is  directed  from  the  water 
to  tba  acid;  with  a  weiiker,  from  the  aciii  to  tlio  water.  At  15"  C.  equi- 
librium takes  place  wiili  a  t^oliitinn  of  21  parta  of  tartaric  acid  in  100  of 
water  {sp.  gr.  I'lj;  and  at  8°  witb  30  of  acid  to  100  water  (sp.  ^r.  1-15); 
and  at  +  0-2 5°  with  40  acid  to  100  water  (op.  gr.  1-21).  It'appcars, 
tli^^reforo,  that  the  tendency  of  the  acid  to  go  over  to  tbe  water  iacreasea 
03  the  temperature  is  lowered.  A  solution  of  11  parts  of  citric  acid  in 
100  parts  of  water  (sp.  gr.  105)  cr^uilibnitcs  with  water  jnat  like  a  eolu- 
tioa  of  tartaric  acid.  (Dutrochet.)  Endoamoae  proceeds  from  water  to 
BolutiotiH  of  saltpetre  and  common  salt.  A  solution  of  common  salt  of 
1"12  Jtp.  gr.  rises  in  water  twice  aa  high  in  the  same  time  as  a  Eolution  of 
1*06  Hp.  gr.  A  eolution  of  common  Bait  of  1'085  sp<  gr.  goes  over  to  a> 
Bolution  of  Glaubcr'a  salt  of  the  .same  density.  (Dutroehet.)  Endosmose 
proceeda  from  water  to  solutions  of  common  salt,  cbloritio  of  calcium, 
proto3u)phate  of  iron  and  sulphate  of  copjKsr.  The  aheratiun  of  level 
censes  wben  tlio  ltc[uida  in  both  vessels  become  of  tie  same  etren^h, 
Witb  common  ealt  the  riiiing  of  the  liquid  is  much  less  rapid  than  with 
tlie  more  .soluble  chloride  of  calcium.  If  the  experiment  be  made  witb 
two  solutions  uf  the  aatue  salt  of  diflbrcnt  degrees  of  coucentration, 
cndoemoae  always  proceeds  from  the  weaker  to  the  stronger,  iio  like- 
wise from  the  solution  of  a  less  isioluble  salt,  such  sulphate  of  potash,  to 
a  satum.ted  solution  of  a  more  soluble  salt  such  aa  acetate  of  pota?h. 
{Magnus,  Fo^ff.  10,  160.)  Endosmose  proceeds  from  water  to  solutions 
of  all  kinds  of  etilte,  inoreasiog  in  force  with  the  strength  of  the  solution; 
it  is  strongest  with  chloride  of  copper;  then  follow  green  and  blue  vitriol; 
then  common  raU  and  i^al-ammoniac ;  it  is  weak  with  chloride  of  iron  aud 
Eulpbocyanide  of  potasslntn:  with  protochloride  of  tin,  nitrate  of  eilrer, 
and  chloride  of  gold,  wliicli  are  decomposed  by  the  bladder,  uo  eibdosmosB 
h  ohsorvahLo.  (N.  Fischer,  J'off<f-  1 1,  120.)  If  the  outer  vessel  coataina 
a  solution  of  sulpbalc  of  copper,  the  inner  one  water  having  a  piece  of 
iron  in  it,  endoaiiiose  ia  directed  to  the  water  provided  the  iron  tonthdA 
the  bladder,  while  topper  ia  deixifiiled  on  the  outer  surface  of  the  blailder, 
and  acid  and  oxygen  carried  over  to  the  iron  by  jjalvanic  action.  (Fischer, 
Olffi.  72,  30.5,  Magnu-i.)  Zinc  causes  the  water  to  rise  aa  well  as  iron, 
btit  more  slowly;  if  the  Iron  does  not  touch  the  bladder  the  water  sinks. 
(Wach.  ScAw.  5tl,  20.) 

A  bladder  tied  over  n  glass  filled  with  nlcoholj  awells  up  under  water 
to  such  an  extent,  that  when  the  bladder  is  pricked  with  a  needle,  the 
alcohol  spirts  out  In  a  long  stream.  (Parrotj  Pof/ff.  10,  1G6.)    In  this 
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experiment  &  Itttio  alcohol  a.ho  poasea  into  the  wat«r.  (Magnus.)  It  fal- 
lows, tlictofote,  thut  alcohol  and  water  e:chibit  controry  actions  towards 
bUaider  and  ctuiut^hotic,  bocauiife  akotiul  n-iHiet-CH  more  strongly  to  cuout' 
ohouc,  water  to  lilaalder;  water  eotitfLtning  ftiilphn rotted  liydrogen  pone- 
trutea  into  alcohol  oven  more  quickly  than  pure  water.  (Mitchell.)— -For 
similar  e^porimeutij  hy  Sommcring  ace  ^/coAo/.^Water  passes  tn  «thor 
in  the  same  tDaniieT  as  to  alcO'hoL  (Dutrochot.)  Endosmuae  is  liirectod 
fram  water  to  Holiitions  of  glae,  gum^  sog^^r  ^'i*^  white  of  egg;  and  when 
tbeae  liqnida  hare  the  eaine  deueity,  1-07,  the  ne«  f>f  the  liijiiid  \s  tocA' 
tared  in  the  aim  of  glue  by  3,  ef  gum  by  5,  of  sugar  by  1 1,  and  of  wliite 
tStigghy  12:  the  last  exhibits,  therefore,  the  stronj^-eat  endosmftBc.  A 
Bolution  of  I  pnrt  of  gum  in  16  of  w^ter  pusses  ever  to  a  soligtten  of  1 
pitrt  uf  Augar  in  16  or  even  3lt  of  water^  atthoiigh  the  former  solution  ie 
much  more  viscoua  tLnn  the  latter.  If  1  piirt  of  oxnlio  aoid  is  mixisd 
with  the  solution  of  1  of  sngnr  in  16  of  water,  tho  endosinoiie  is  from  the 
nj^r  solution  to  the  puro  water:  when  2  purta  of  eugiir  and  1  of  exalte 
ooul  are  diesulved  in  16  of  water  the  Bolution  r<!ttui.iiis  in  eijuilibrium  with 
pare  water,  portions  of  sugar  and  exalie  aoid  passi]ig  however  Into  the 
water.  A  solution  of  sugar  rises  3  times  na  high  witli  sulotioii  of  oxaliA 
acid  OS  with  ^>ure  water  in  the  same  time;  it  acts  in  tho  earns  manner 
towards  solutions  of  tartaric  atni  citric  acid?.  (Dutrochet,) 

(/.  .SV<wi  ofthn  Allium  rormm  (/w.^).  Emtoeniobc  from  water  to  snl- 
pburio  Bctil  of  1  0274  ep.  gr.  to  Boliitiou  of  siilphuretled  hydrogen,  oxiilie 
[tail)  and  tartaric  ncid  of  various  degrees  of  conceulrution  nnd  at  rarinus 
ti-in{)onitar«B ;  in  the  e^ntniry  dirc<cttu)>,  therefore,  to  that  with  bladder. 
(Ouiwhet,  Ann.  Ch.  /'Ay:*.  3.*,  393;  37,  191  ;  -i!*.  411  ;  51.  I oS;  oxtr.  ia 
jVy^,  19S;  18,  eU;  2S,  359;  also  Ann.  Ch\m.  I'M.  60,  337.) 

ft.  AiUifnoH  betivteu  StAiJu. 

1.  Fine  dual  adlieroe  to  vertical  and  inverted  horijontal  snrfocc*. 
Two   lietero^'oneoufl  bodies  with  ver?  finely  polished  eurfMM 
ndhern  tognther  with  a  certain  forco^    Gomp.  Prechtl.  {Pf*^;].  \\  SSa.) 

;\.  ThU  kiiiil  of  Ailhcaiun  ie  niuat  powerfully  mnnifeeteil  when  one  of 
the  bodies  in  firet  brongbt  to  the  lit|uid  state  (by  which  it  aequires  lha 
jiower  of  adapting  itself  pcHeelly  to  the  Hurfaee  of  the  other),  and  afb«r» 
warda  solidified.  This  \s  the  pnnctplo  of  glueing,  posting,  Boldoiing,  aiU 
verioj  of  mirrotaj  the  use  of  mortara,  cements,  Ae, 


GENERAL  CHEMISTRY, 

OB 

THEORY  OE  AFFINITY  IN  GENERAL. 


Geofproy  Taine,  Dea  diirtrciiiy  Rapports  observes  en  Chintio  Piitre  diffiS- 
reiitca  Sub»tait{:es.  Mem.  de  CAcftd.  ties  Sc.  de  jParit,  1718,  '202; 
1720,  20. 

A.  Marherr.  Chciu.  AblianJl,  vou  iL  Verwandtaoliaftdar  Kbrpor.  Leipzig, 
1764. 

"Wenzel.    Lehrc  von  ilt>r  Vcnranrltacbaft.    Dresden^  17TT. 

1*,  Berijiiiaii.    De  Attnu'tionibudelt'ctiina.    Opiiscula.    3,  291. 

J.  C.  Wie^ler.    Revi/ion  Jer  GmuJslohre  von  dar  cheniisclLsn  Ver- 

witndljicbafL  Erfurt. 
It.  iCinran.    Piiysico-cbEutiiad  WriUn^.    Tmnsluted  into  Gorman  hy 

Crell.    3  vol.    Bed.  ii,  Stettiii,  I7*t3— 1801. 
Guylon  Je  Morvvau.    Artirlea  .[i^niU  and  A  dlu'sion  in  tho  Eii(!;?cl(i'pedio 

MetiioJique,  Cliinue,  Pbarmacio  ct  MwUilliirgit',  PiiriH,  178(j,  1,  535. 
J.  £.  RliihtQr.   Aiir;Lii;^);.TU]ide  der  ^tocbiuiui:trifl.    3  Bd?.    Brcslau  und 

Hirsfliberg,  1782  — nfl, 
 Neuere  Gegenetande  der  Chemie.    Broslau.    Hefl  7 — 3,  1706 

— 1TD8. 

C.  L.  fierlliollet.    Rccberches  sur  Ics  Lois  de  I'AfHnUi.    Pam,  1801. 

•   Premiere  et  secuade  suite  dfleRechorehes. 

■   Troisitmo  suite.    Paris,  ISOfl ;  also      Gehlen,  3,  248. 

■   Eesai  de  Statique  Chiiniquo.    2  BanJe.    Paria,  1803. 

L.  Scbiiaubtrt.   Unterauchungdcr  Verwaudtadiafl,  u.  e,  w.  Erfiu't, 

•   Ou  ChcDiical  Combiaution  and  Decomposition.    J.  pr.  C'hrm. 

5,  57. 

Karstun.    Revision  der  Chemiaclion  AffinitiiLsltiLre.  I^ipzig, 

  Relation  of  Com[3oeition  to  Furin.    A'cfeii<,  65,  32Q  and  394. 

Qay-LiiBeoc.  on  the  CombiiiatioaB  of  Gaseous  Bi>Jioa.    A'ouv.  Bttii.  iJe  la 

Soc.  Philmi..    imo.    1,         ulso  GM.  C. 
  Od  tlie  Precipitatiou  of  Metallic  Oxidea  one  by  another.  Ann. 

Chim.  80,  21 ;  also  Gthl.  2,  487. 
J.  DuUoD.    New  System  vf  tho  CLemicat  part  of  Natural  Pliilu^npby.  2 

vol,    Mn,iii:Iieater,  1808:  translated  into  German  by  Wvlfi*.  fitrlin, 

1812.  1,232. 
  Ann.  rkii.  3,  174;  also  *ScAw.  14,  462. 

Tia.  Tbonison,  on  Stoicliiometry.  Ann.  Phil.  2,  32,  109,  lfi7  and  293; 
3,  1 3i  and  375  ;  4,  11  and  83  i  5,  1 8-* ;  7,  343 ;  1 2,  338  ami  43(f ; 


32 


GENERAL  CllEMlSTRT, 


Id,  ICl  ftcl  3275  17,  3;  IS,  120.    Furtlicr,  Itecortla  «/  Cm.  Sc. 
ISise.  No.  15,  I7fl;  also  J.  pi:  Chrni.  S,  359. 
J.  J.  Bpraeliua.     Memoira  relnting  principally  to  Stoicbiometry  anul 
Eleetro-cliemistrv.    Gill/.  37,  2i&  anil  41:);  38,  ICl;  40,  162  and 
235,— Further,  G.  119.— Furtlior,  /Ijm.  i'At/.  9,  443;  3,  51, 

83,  244  and  353;  also  ScAw.  II,  419;  13,  240;  14,  44(j;  15  277; 
21,  307;  22,  51  and  3! 7.— Further,  Sc/iw.  23,  98,  12!>  an.!  -277; 
rIbo  CAi'm.  r/tyt.  \\,  58,  113  and  225.— Further,  Ann.  Chim. 

Fhj*.  17,  5.— Furtlier,  Ann.  Chim,  Phye.  14.  363;  alsq  jV.  JV.  5, 
2,  254.— Further,  i'*??.  7,397;  8,  1  and  177;  14,  558;  17,  379; 
18,74;  19,  326;  21,  614;  2fl,  320;  28,  38&, 

 Ueberdiv  cheiui^lien  Proportionen  unJ  die  clienilscWn  Wlrklingen 

der  Electricitiit,  nehst  Tabcllen  ubet  clio  Atonigowichtc,  ii.  a,  w, 
Uebers  von  BliMle.  1820, 

Lehrbuth  der  Chemie.    Aueg.  3,    Urcsd.  undLcipa.  1833.  1,3; 


5,  3. 

Proat,  on  the  relatiou  hetwcen  the  Specific  Groivities   and  Atomic 

Weights  of  Gases.    Ann.  Pkil.  6,  321. 
Mcitiecke.    Chcmische  MesHkaiist.    2  Bile.    Ka.ll«  u.  I.Cipz.  1R15. 

  On  the  Dcnaitiea  of  Elostit;  Fluids  considered  in  relation  to  their 

Stoichioraetrical  valnes.    Sdtu!.  '22,  137- 
Bi«c1iof.    Lebrbueh  di»t  Stoichiomttrle.    KrI.  1813. 
£«rfihai-di.   Ueber  KrystaJlogenie  u.  s.  w.   ^V.  Gtht.  S,  3C0.   Sehw.  32,  1. 

Sckw.  37,  387.    N.  Tr.  1,  2,  40  n.  9,  2,  3. 
Bcadnnt  on  CryatalliTie  Form  and  Chomifwil  Compoaition,    Ann.  Chim. 

Phyt.  4,  72;  also  SiJiw.  19,  4G2  — Further,  Ann.  Chim.  Fhyn.  7, 

390;  alao^jT,  24,  llO, — Further,  Jur?.  Chim.  Mys.H,  Sand  14,  326. 
WoUaaldn  on  Boiidant.    Ann.  Phil,  ll,         also  Sdtir.  24,  102. 
E.  MitHrberlifb,  on  Cryt-laHiDD  F'Orm  and  ChonitcBl  Composition.  Ann. 

Chim.  Fhvf.  H.  172;  19,  350;  24,  264  and  355.— Further,  Po^. 

12,  137;  2*5,  300.— Further,  Poy-j.  4i»,  401  :  also  J.pr.  Ch.  19,  4.^7. 
  On  the  relation  between  the  Specific  Gravity  and  Alumii:  Weight 

of  Gaaes.    Pn^'j.  20,  103. 

  On  Action  hy  Contact.    Pwjg.  31,  281. 

  Mirbueb  derChemie.    Aufl,  2.  lS3-i.    Berlin.    1, 308,  bin  43S. 

v..  Turner  on  Cheniiriil  Etpitvalcnts.   PhU.  Trans.  1829,  291;  1833,  523. 

H.  Buff.    Li'brbucb  Jer  Stochioniotrie.    Numb.  1S29. 

0.  B.  Kiihu.    Lehrhuch  der  Stovhiometrie.    Leips.  1£37. 

C.  O.  Uuielin.    Einleitusg  la  diti  Cbemie.    Tiib.  1835,  37.    Th.  2. 

Abth.  2. 

Hauy.  on  ftie  Relation  between  Composition  and  Form.  Ann.  Chim.  Phya. 
14,  305. 

Marx,  on  the  cianie  sobject.    Ka»tii.  Art^t.  2,  16. 

fiinniot.  Mathematical  Principl«a  of  the  Theory  of  ABinitv.  Ai%n.  Phil, 
19.  137  and  351;  17,  8J ;  SI,  243;  25,  109;  26,  372;  aldo  ^'AiV. 
Mag.  Ann.  1,  41L 

Ofiann.  Now  Method  of  dcterniining  Atomic  Woighlfl.  KaMn.  Arc/t, 
22,  322. 

Fechner,  on  the  Rrlntion  of  tho  Law  of  Oraritation  to  the  Doetrine  of 

Affinity.    KmJ».  Artk.  15.  257. 
N.  Fuchs,  on  Aniurphism.    AVAw.  67,  4I((.    Pog^.  34,  577.    J.  J>r.  Ch, 

7.  344. 

J,  Dnmas,  on  tho  Atomic  Th»ory.  Ann.  CMm.  Phj/i.  33,  337;  also  Pofff- 
9,  293  and  410;  al*o  S<Am>.  49,  330  and  50,  315. 


33 


J.  Doraae,  on  Isanieriam.    Ann.  C/iim.  I'hi/a.  47,324;  also  Pogg.  26,  315. 

  Spec.  Gr.  of  Vixpaura.    Ann.  CKim.  Fkjfs.  50,  170, 

'  Lemons  BUT  la  Philosophic  Cbimii^uc.  i'arie. 

Thomoit  Crubum.    Elciueuta  uf  Ciiemi^try.    Loudoo,  183S.  Tranakteii 

into  German  lij  Otto.    DraiitiMiliwoig,  1840. 
J.  Persuz,    Iptroducttou  a.  I'Etude  de  la  Cliiiuiii  Moluculoire.    Faris  et 

SlraalHJurg,  183&. 
Prnnkealieim,  on  Isomerism.    J-  pr,  CAern,  16,  1. 

II.  Kupp,  on  the  Relution  between  the  AtQiuiv  Weights  and  Spoc.  Gr,  of 
Liquid  nod  Solid  Couipouud^.  Poy^.  47,  133;  52,  243  and  262; 
nisij  An?t,  F/iarm.  36,  1. 

Aifltuenijiilter,  on  ihs  same  Buhject,    Foffff.  49,  341. 

H.  Scfarocilor,  on  the  sitrae  subject,    Foffff.  50,  552;  52,  269  and  282. 

Biot,  on  Atomic  Checiiistry.    J.  pr.  Ch,  22,  321, 

Gmetin.    Arttkel-V«rwaiicltacLELft  in  GelitKi-'s  Fhysitali^chm  W'oritr- 
6mcA-   Au6g.  St,  b.  9,  8.  1857. 


SjrnoDymes".  Ch-emical  AttrfKlioti,  Ckemicat  Force,  Elective  Attraction, 
MJective A^aiiiii,  Chemisehe  Kraft,  Vfneandtsehttftf  Wahlvenmndtschaft, 
WaJdamUhury,  Affinilas,  Atfmctio  Ehclimi,  A^itLte. 

Hiitofi/.  Chemica.1  comhinalioti  was  in  parly  times  attributed  to  the 
ral  ptiiicSple  of  Hippocrales  that  like  assorts  with  like:  hence  the 
Affinity  (Verwiinduehaft)  whi(;h  seems  to  haTe  Won  first  employed 
by  Barchhu3eii.  Betlier  assumed,  iu  accordance  with  this  Jogma,  that 
when  Iwo  bodies  arc  cnpahk  of  comLini!i;ij  they  must  cmitaiu  a  cummoa 
jirinrijde.  Others,  amung  wham  was  Lemeiy,  supposed  that  solvents  iire 
fiiriiished  with  a  nuiflbicr  of  sliarp  poiuta  by  nieana  of  which  thoy  ari*  more 
or  tessadapted  to  insinimte  themselves  intu  tliu  porcn  of  solid  bodies  arti 
eonibine  with  theio,    Accordiuf^  to  Stahl's  i\\coTy,  chemical  coiiibinatioti 

iirorccd^  from  the  iDtimato  approximation  of  the  pu,rt»  of  the  combining 
mdies  but  not  exactly  in  the  manner  of  a  wedge.  Nijwtoii  wsa  the  (ipst 
ivho  referred  chcmieal  combination  to  Uie  principle  of  uui;^crsal  attraction, 
tlioiigb  he  ut  the  eame  time  partly  ns^tunied  tliat  this  attrftctiou  hetweeo 
iiltimato  purticlca  is  not  exactly  thf  aamo  as  that  which  arts  hetween  the 
;.'Teat  bodiea  of  the  universe.  Geollroy  the  cider,  in  ITlf,  drew  up  tho 
Jirat  Table  of  AtEinity,  whifh  wits  subsequently  crd:irged  and  corrected  by 
Gellert,  Wenzd,  Borgtuaii  and  Guytou-MorTeai!.  The  iJen  that  runny 
chemical  rombinationa  tjike  place  in  deKnite  proportions  only  had  oftiurred 
to  aom©  of  tlio  oldtr  i-lipmlats,  e.g,,  Wenztl,  B9rjriiian,  Kirwan  ;  and  they 
end  ear  on  red  to  determine  tbeao  propoHioiia.  This  view  wa*  cunGrmed 
by  Hichlcr.  Proiist,  Gav-Lussac,  Daltou  aud  ^artcMm,  and  expauded 
into  the  Theory  of  Dtfiuite  J'ropoHiont  ot  StoLc}ti(ivid,ry, 

I.    FU.SDAMENTAL  NOTION  OF  AFFlJflTjr. 

Affinity  Ls  tlat  kind  of  attratiioa  by  virtue  of  which  bodies  of  dis- 
»iimiliij-  nature  combine  to-jietber  into  a  wIujIo  whit:!!i  appears  perfectly 
uniform  to  the  svQsea,  even  whoa  aaiiatcJ  by  the  mnst  powerful  instm- 
nienbi.  The  act  of  union  \s  <-alKnl  Chemieal  Combination*,  the  resulting 
product  a.  Chemical  Comopuud,  and  jf  it  be  fluid,  &  A'uhuion,    Tho  di*- 

*  Tlie  lenn  Cof^nalion.  is  iDtneHmeai  alga  applied  Co  the  resulting  proJucl:  tho 
cnrresiianding  German  trurd  Vtrbiadung  is  Bjiplifd  indifcriiulnntelf  to  the  act,  ol  crom- 
buiFitisin  and  to  tlie  product.  CiV.] 
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similar  etibfitancee  contained  in  the  coniponnd  are  Its  Componenft  or 
£ltmntts",  Abd  of  tlie^e  if  one  bo  fluid  and  the  other  solid^  tho  former  Is 
calleJ  tlie  Solvent  or  Menatrunm,  the  latter  tlio  DiMohed  hcidy  or  Soiutvm. 

The  sphere  of  action  of  cihemioal  aflinity  liiu  by  »omo  chcniijtts  hwn 
too  much  enlnrge'i,  by  others  too  much  contracted.  An  inetiiTitiif  of  the 
fonner  of  these  errora  hm  alreftdy  been  given  in  speaking  of  tlio  inixtiira 
of  ga?€H  (pace  2!).  Tbo  folIowiTii;  viewB  on  tbe  contrary  appour  to 
restrict  the  iileiL  of  a  (.-hcnii(.-ul  oompoiiiid  betwei?n  too  onrrow  liiniU. 

1.  Many  combinations  of  liquids  with  goBPe  in  wbicli  thr  Ifittvr  Iubo 
their  gaseous  conditioD  are  by  Dalton  and  uttere  regarded  aa  nieohauical 
(vid.  ITtf/fj'). 

3.  All  mixture-'^  of  liquids  one  wilb  another,  and  a]\  enlutiiiTiA  nf  hoUiIb 
in  liquids,  are  by  BersflliuB,  Mitsclierlich,  DumoHj  at;cl  others  of  thu  most 
diGtiu^iiiaiied  modem  cboRiistd,  rtbrnrded  aa  not  cheuiicul,  unless  tlicy  taka 
plocu  m  definite  proportioDS :  e.^.,  iiiixturcG  of  water  »nd  alcohol,  alcohol 
and  volatile  oil ;  solutions  of  acids,  alkalies  and  salta 'm  water,  alcohol, 
MitficheHich  attributes  Eiicb  combinations  tn  adhesion,  Derzeliu^  to  a 
modification  of  affinity, — while,  according  lo  bii^  vievr,  cheniicnL  combina- 
oationB  properly  so  caMcd  re«utt  not  from  afliDity  bi)t  from  eleotriml 
altruettOD-  Dumas  ascribe?  them  to  a  tQfv*n(  poiivy  which  he  ei]ppu0e«  to 
bold  a  middle  [AAca  between  eoheoioD  and  afiinity:  iaa^miicb  u  tbe 
former  causes  tbu  union  of  bixlie'j  of  the  eatne  nature,  the  latter  that  of 
,  bodies  of  very  ojipo^ite  iiatnres,  producing  conipouiidB  poRBesaed  of  new  nod 
:  toeculiar  propi'rtifs;  while  the  solvent  power  caui^es  the  combtaation  of 
Wiiea  of  very  «iniilar  nature,  aa  of  nietnlF^  wilb  uiotnis,  a<-'id«,  alkallo*  ttad 
salts  with  water,  rcain  and  fat  with  nIcohuE,  Siv,  Tbe^Q  viuwx  lead  to  no 
BRtisfartory  definition  of  Affinity  {for  objectjons  to  ibeni,  vid-  GfAi*J''$ 
Phifg.  Wurtrrhuch.  Ausg.  2,  9,  18C2).  They  aro  UGV-ortheless  Ime  in 
tbis  respect  that  a  disttuctioti  tnu^t  he  tnado  between  etrong  and  wo4k 
atfinitiee,  th&  former  producing  componndri  of  dctiiiito  coustitulion  and 
chamclorised  by  distinct  and  romarliBbk  properties,  while  the  latler  gives 
rise  to  products  of  lees  definite  comjioaitioia  and  differing  le&s  in  their 

Eropertiea  from  the  bodies  of  which  they  arc  formed :  on  this  f;^ound 
ortholletj  in  an  earlier  state  of  the  menee,  dintinnuished  the  tnoro 
intimate  combinationfl  aa  C(i*i^povnd»{Comhin<iUon»)  and  tho  less  intiniale 
U  Soltttismt  {Diitolutioiiit),  though  tbe  two  cla&acs  mer^  into  utie  auothcr 
hj  imperoeptible  gradations  and  admit  of  no  detennioate  ficparatiuu, 

'  II,  Raitor  op  Atfinitt. 

Eveiy  fcimple^  i.r.,  hitlicrto  ondecomposod  body,  i&  capable  of  vnterini 
into  rhcmical  conibination  witli  ittherti.  h«t  gcnemlly  speaking  not  with 
all.  It  iepossthle  lliat  nverj' simp]"-  substiuiee  tnay  Imvc  aUiiiity  for  every 
othfir;  bnt  many  conipoilndg  of  these  auh,«|uu>(-i>F!  nitiy  not  have  liet'n 
obtained  hithertu,  bccane*>  tho  coinponoiitB  have  not  l>ei"»  plneed  titidt-r  the 
^iittMicnlar  conditions  in  w-hir|i  (beinffinily  can  exert  Itself;  iilhcTe  il  rnav 
bo  impoiuibln  to  fonn  itrf^ii'^c  the  nlliiiily  between  Ibeir  cowiionent'  is 
OTCTOOnw  by  the  forro  of  (rnivitjiliinn,  cohesion,  or  cloeCieity,  For  exam* 
pis,  tho  fact  of  earbt>n  not  ronibiiiini;  with  mercury  may  perhaps  bo 
Mptalned  partly  by  the  ijrniit  ooheeion  of  cnrhon,  the  lemlency  of  its 
partidlefl  Ut  nmain  comhineil  auini^st  theitiseUcsi  lirini;  jkowilily  greater 
Ihaa  tliitir  inclitiation  to  Quito  with  i\w»i  uf  uiorcuryj  partly  from  the 
m&ter  necifio  pmvity  of  nieretiry,  by  which  that  ••ub9titnc«>  i«  provented 
irom  diniunog  itoclf  throD^di  so  coraparativAly  H^l  a  body  ru  earboo. 
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S&  likewiae  the  elnaticity  of  nilroffen  may  prevent  that  sabatatiM  from 
couibiiiliig  with  metals,  iuo^much  aa  hy  entering:  into  biicIi  corubination,  it 
would  lose  it*  gueoouiB  form.  If  a  ^  he  rcfiatded  as  a.  coniponmJ  of  a 
poniJerable  body  with  heat,  (he  esplanntion  juat  given  will  (imount  to 
this, — that  iiiin)n;fn  ia  prevented  from  t^omliining  with  metals  in  oon- 
«e4ucuce  of  ita  greater  affinity  for  beat. 

Compounds  roaultin^;  from  the  union  of  two  simple  aubfitftncen  or 
CoTtij/nitniJt  o/(he  First  (Ji'dfr,  to  which  belong  the  inorganic  iiciJe,  bases, 
metullic;  cbluridefl^  &c.,  are  tbemselrea  fur  the  most  part  capable  of  com- 
biniug — someliniee  though  rarely — with  simple  Bubstttiu'es,  but  niucli  more 
freijuently  with  other  compounds  of  the  same  order.  In  tliia  manner  Hra 
formed  Componndn  a/ (hi:  Second  Ord^i\  the  most  important  of  whirh  arei 
the  simple  Halts,  These  eoiiiponnflB  again  lire  capabile  of  nniting  both  with 
*ach  other  aiiJ  with  roinpoands  of  the  first  order,  thus  forming;  compounds 
©f  ibe  higWr  orders;  and  m  on.  But  tba  more  compilicated  the  constitu- 
tion of  any  ^iich  substance  may  be,  the  more  noirly  will  the  coiiibining 
leudenciea  of  it?  clenieDte  be  eatisGed,  and  the  less  therefore  will  be  the 
inclination  of  thcstf  elenienta  to  enter  into  further  com bi nations.  In  this 
nuibner  cbomistry  reuchee  its  limit.  In  compounds  of  the  se^ind  order,  a 
difttinction  may  bo  naado  between  Proximate  and  Ultimate  flemmtt 
iPrincipia  proxima  tt  veniotn);  in  those  of  the  third  order,  l^etween 
j'rarimatt  rlfmrnts  of  the  Jirsi  nrder,  Proximale  eUmcnU  of  the  gecond 
gyrdrr  and  UUimuli  eimifnig.  Thus  in  sulphate  of  putsch,  sulphuric  acid 
&nd  potash  arc  the  proiimiite  ekmoate ;  and  since  sulplmric  acid  consists 
of  sulphur  and  oxygen,  potash  of  potaBSium  snd  oxygen,  wo  say  that 
oxygen,  8nlj)hur  a.iul  pgtnseium  Rro  the  ultimate  element*.  Since  com- 
.pouuds  genera  My  exhibit  affinities  different  frym  thoiie  of  thoir  components, 
it  foUotrfi  that  (he  alfinitiea  of  the  compoiieuta  in  their  Fharaetei*  of  primi- 
tive or  flomentary  enbstancea  will  Eometimea  differ  from  the  refliiiUing 
.Affinity  of  the  compound.  The  older  chemists  distiognished  such  easee  by 
(pfttticulftT  naincB.  Thus  if  there  be  a  aubatanee  A  with  which  another 
Biibfitanrc  B  13  capablu  of  unitlug,  while  a  third  substance  C  ie  not  eapable 
by  itaelf  of  entering  into  sueli  combination  but  becomes  ho  by  uniting 
with  B,  ibe  atKnity  thus  manifested  was  called  Mrdlaftng  A^nit\f  {ner- 
iniUflntir  Ffrwftittitiffiiiji,  Affi.nitaii.  fippi-or'tvians,  appvofriata  e.  adjata.) 
Fur  iiwdincc,  ainniina  (C)  by  combining  with  sulphuric  acid  (B)  becoTnee 
•oinblo  in  water  (A).  If  ueitLer  U  nor  C  can  combine  with  A,  but  the 
toinbination  BC  can  form  auLh  a.  union,  the  affinity  ie  called  Prwluced  ot 
Detx^laprd  Afftnk^,  {n-tmi^le  Vetu-atidtsefiaft,  Aj^uitaa  prodada).  Thua 
ncittier  carbon  not  nitrogen  can  combine  with  mercury  ;  but  their  cem- 
|H>niid.  cynnof^n,  has  a  powerful  affinity  for  it.  An  example  of  the 
inability  &f  funr  liijuida  to  combine  iH  fflfforded  hy  the  so-L'aUed^/bwf/cniwtt 
(merciiryj  solution  of  carbonate  of  jjota^h,  dilute  alcohol  and  rock-oil). 

Ill,  Formation  ot  Chemical  CoMPOtrNDS. 

The  caao  in  whic^h  2  or  more  bodies  conihiue  without  causing  the 
dint  ruction  of  any  previously  existing  chomicttl  compound  wa£  called  by 
Ilie  uldor  chprniotH  AJinitjf  of  compoaiticn  or  of  mxtiire^  lusamtaenteUmom 
■wltr  UKrtaUchcnde  AJftiiUat,  Aj^iiilai  compotitimu  a.  muiionia. 

I.  CondUiont  under  ttikich  Ckemkal  Combination  Ud-es  plact. 

A.  The  affinity  of  llic  ecinibiniu";  bodies  must  be  sufficient  to  over- 
come all  oppoeiu^  forces,  Buch  ua  gravitation,  coheeiuu,  and  elasticity. 
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B.  Tlio  aubstaiicea  must  be  brought  iato  ioimcdiato  coiitact,  for  afHcilty 
does  not  act  nt  aeusible  dietauceB. 

C.  GoTiienilly  speaklsg,  vne  at  leu^C  of  tbe  combining'  bodies  muat  be 
■either  in  the  liquid  or  gafieouB  state,  ami  if  it  be  nqt  so  at  nrdtnary  teni- 
pcrnLurfls  it  must  be  bryufflit  into  that  state  by  clo-vatioD  of  temperature'. 

Heiiflc  the  wbl  rule;  Corpora  nort  ayimt  nitljiuida  from  the  qrraueous 
BUppvaition  that  tbo  fluid  or  m^juttruum  vf»a  tic  only  active  body,  and 
the  solid  or  tofwuhn^  ii  rcsistanco  to  be  ovorconiG.  Solid  bodies  eithet 
do  Dot  combiuQ  at  all,  or  their  combinatiorL  is  attended  with  great  diffi- 
culty, beeauao  from  the  imnuibiljly  of  their  particlea  their  points  of  ipitue- 
diatQ  contact  are  but  few,  and  tlio  exceedingly  tliiu  (ilin  of  compoiimi 
wbifb  may  be  forniotl  at  such  points  acta  as  »  pattitiuii  to  prevent  further 
Donloct  nnd  consequently  further  cum  hi  nut  ion.  But  by  continupd  rubbin;;;, 
which  n^news  the  points  of  ^-ontact,  iiioro  complete  combination  may  often 
be  cft'ectt-d:  in  thia  manner  finely  divided  copper  may  ba  made  to  com- 
bine with  sulphur,  the  rombination  beitiy  even  attended  with  rise  of 
temperature.  If,  on  tho  other  band,  the  compannd  formed  by  the  two 
m\i\i  is  itself  fluid,  its  mobility  fnves  rise  to  coutlnually  renewed  contact, 
ami  combination  g^oes  on.  Thus  ice  under  0'  unites  with  ehloride  of 
eudium  and  other  salts,  and  ^olid  amal^m  of  lead  with  solid  amalgam  of 
bismnth.  Cryatalllited  oxalic  ncid  and  lime  may  be  mado  to  combine 
by  rubbing  thorn  toycthcr,  b^wauHB  the  aeid  contains  more  water  of  crys- 
tallization than  the  o^ialatci  of  Hmo  prudiieed  is  able  to  take  up:  hence  at 
the  beginning  of  the  iiction  a  little  water  is  eet  free  and  di^ulves  the 
oxalic  acid,  kc,  &c.  In  some  va^vs  it  ia  sutBcient  to  beat  one  of  the 
Bolid  bodies  till  it  softoiia :  thus  iron  surrounded  with  charenal  and  heated 
tn  wbilenesa  is  slowly  petietnitud  by  the  charcoal  {Cementation).  When 
ui  (HinMequcnce  of  ujjc  or  both  biddies  hn'm^  in  the  fluid  stnte,  conibinntinii 
tiikc4  place  at  the  ordiotwy  temperiiture  or  a  little  above  it,  it  \a  callf4 
SoliUioiL  in  the  wet  vni/,  (SoCnUo  via  kwnuia);  if  a  higher  temperatnn 
in  required,  tlie  pnieeMt  n  called  ifoiutvtn  in  fhe  dry  watf,  futhn  {Solii- 
tio  via  ticca-,  Coiifitiia.) 

D.  Even  if  one  or  Imth  of  the  bodies  be  in  the  fluid  state,  a  higher 
temperature  is  often  neces*)«rv  to  efl'ei't  the  combinatinn. 

MuUod  salphur  will  nut  i-ombLne  with  c.irbon;  the  sulphur  must  be 
brought  ill  the  state  of  vapour  into  contact  with  red-hot  charcoal,  nlth<>ii|i;li 
the  elasticity  of  the  vapoUr  mi^ht  rather  ho  expected  to  interfere  with 
the  eonibination.  Nontral  carbonate  of  soda  in  the  ofllorc^cvnl  stato 
RbBorba  carbonic  acid  very  slowly  at  first,  but  more  and  mun*  quicCcly  mi 
it  pcta  heated  by  the  absorjitlon,  nnd  ultiraatoly  with  ^runt  vl<d('nce. 
[M'dir,  Ann.  Phtt-m,  i^S),  "iGU.)  Charcoal  requires  to  be  heated  before  it 
will  burn  in  osy{;cn  that  5h,  before  it  will  ("onibiiie  wllb  the  oxyuen. 
At  (frdiuary  leni{H'ralureii.  oxycen  "my  he  mixed  witii  hydrops  tuid 
iiilhiT  iiillnmmaldc  gaweH  without  coinbininjr  wllb  thefn,  hut  at  a  red  beat 
eninbimition  ttikes  pliu-e  immediately.  In  ibia  i-a^c  both  bodies  are  fluids 
and  we  itij^dit  fxpoct  that  heat  by  incroa-niiic  their  elaflticitv  wimld  rather 
opjHi^  lh.in  favfiiir  the  rombination.  The  manner  in  w^iith  bent  net* 
ill  nueh  «-ii«e»  \k  nut  preciai'iy  nnderstoorl,  If  for  irNlanee  we  Niippntw  that 
tho  athnity  Ivetween  osy^^n  nnd  hydrn^n  in  the  rold  is  not  KiilRrient  to 
OTOrwme  their  eln»'tictly  hut  U'riitucs  greater  at  a  hi;;her  lemperaUire, 
then  the  rcmltiniK  compound  ought,  on  cuoliuj^.  when  the  afhtiity  l>rtw>een 
)tM  olvmenta  i»  ncuin  diminished,  to  be  resolved  i»to  tlwEC  e9ement«  by 
Ibo  action  of  el.-wlicily.  ]f  atrain,  with  Moiign  and  Bertholh-t.  w«  •up- 
poKO  thiit  the  iMirtioii  of  Ibo  ^^asi^out  uiixlnro  ltr*l  hcaird  [>reM(<s  by  ltd 
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cxpausitm  on  tlie  neifrhbouriuji;  particleSf  and  thereby  cansee  them  to 
cpnibirie,  it  ntay  he  iirgucd  oa  tlio  other  hand  tLat  such  prctiftiog  together 
of  the  particles  van  hnve  but  little  effuct,  and  that  no  coiubimition  ensnes 
"wben  the  gajseous  mixture  is  gradusJly  subjected  to  a  ppeeeure  of  50  or 
even  150  atrnoapberee. 

£.  In  some  caeca,  light  has  the  same  effect  as  an  elevation  of  tempe- 
rature. 

Cblorino  an'i  hvctrogea  or  carbonic  oxido, 

F.  Ekctricity  likewise  favuurs  Lhp  conibiuatlcn  of  many  latibstaTiwn, 
actiug  chiefly  hy  elevation  of  temperature,  but  also  by  ihe  coinpreasion 
'which  the  electric  t^park  excrtis  upon  the  gaseo-ua  mixture  through  which 
it  pno^es. 

G.  In  fionie  iiislance-?,  the  expauflion  of  gaseous  bodies  favours  their 
comb  in  3.  [ion  with  others-  Phos^iburus  uadergues  slow  'Combustion  in 
oiygen  ffis  however  low  the  temperature  may  be,  the  action  going  en 
more  quickly  as  the  f,'a8  is  iiiori)  rarofieJ;  a  niixturo  of  oxyjfon.  aiiJ  nou- 
inflatninablp  pbosphuretted  byJrofj^ii  j^aca  explodes  On  cxpanEion. 

H.  The  presence  of  a  heavy  aolid  body,  jwirticularly  a  metal,  haviti^ 
great  extent  of  Burftico,  likewise  cau^ce,  Bometiraes  at  ordinary,  some- 
"leH  at  alightly  elevated  temperatures,  the  combination  of  oiygcn  with 

inflaminnbie  gases  and  vap^uT«,  which  would  otherwise  take  place  only  at 
8  red  heat. 

This  property  U  most  strikingly  exhibited  by  platinum ;  the  mora 
finely  divided  the  platinnni,  the  stronger  is  it.s  action.  Whca  the  com- 
bination of  oxygen  with  itiftaiiimablo  gases  takes  ]i]aeo  at  its  j^urfaeo,  the 
heat  developed  raises  its  temperattire  and  thereby  inereasea  its  activity, 
till  at  length  the  metal  beromes  rcd-liut  and  then  eudden  combination 
eosue^.  {Vvi.  Oxygen  and  Hydrogen.)  Platinum  appetirg  to  GODdcnsm 
gusa  particularly  oxygen  on  ita  surfEWJo  by  adhesion  (page  26),  ao  that 
the  heterogeueous  atomt!,  beinc  deprived  of  their  beat-spheres,  are  ab!o  t<j 
approach  one  another  and  conibine. 

L  Many  bodies,  particuiiLtly  those  which  ar&  very  elastic,  or  very 
.cohesive,  combine  together  only  when  aJded  by  the  cheniiwil  co-operatioii 
of  other  budicQ. 

n.  FMrniutioii  of  chemical  comjiounds  by  Sufmtiiutwn, 

One,  or  both,  of  the  combining  bodies  is  previously  contained  in  another 
compound  which  is  less  elastic  or  less  coherent  than  the  body  itself,  and 
tram  which  it  passes  uvcr  to  the  new  couihinatioii  in  the  ao-called  nascent 
itatf,  before  it  has  time  to  reassume  the  highly  elastic  or  highly  coherent 
Blato  which  lielongs  to  it.  Nitrogen  and  hydrogen  will  not  combine  to 
fonn  ammonia  by  the  action  of  cither  heat  or  electricity ;  but  if  tin- 
filings  be  pWed  in  contact  with  water  and  binoxide  of  nitrogen,  the  tin 
will  rob  both  these  boiliea  uf  their  oxygen,  an<l  the  hydrogen  disengaged 
from  the  water  will  combine  at  the  moment  of  libemtion  with  the 
nitrogen  .«et  free  from  the  nitric  oxide,  and  form  arooionia.  Tin  acts  in 
the  panic  manner  on  dilute  nitric  acid.  Ammonia  is  abso  prodnced  on 
heating  nitre  with  gum,  and  likewise  from  UKotised  organic  subetftncea 
when  heated  alone.  Oxygen  and  nitrogen  will  not,  witliuut  great  diffi- 
cnlty,  combine  ilircctly  to  form  nitric  acid:  this  substauec  is  however 
obtained  when  ammoniacitl  gas  m  passed  over  red-hot  oxide  of  manga- 
Dese,  or  a  misture  of  ammoniacal  ga.?  and  oiygcu  paased  through  a  red- 
hot  tube.  The  nitrogen  being  the  Icas  elastic  of  the  two  clemeutB  of 
amiiioni!!!,  i?  more  diejiosed  to  combine  with  oiygcn  when  the  hydrogen 
has  been  separated  from  it  by  the  action  of  that  subetance,  that  when  it 


ifi  ID  the  Free  state.  Slmiliu-ly  the  eomltiinatioDs  of  nitrogen  with  'chlo- 
riiio,  broniiiiej  ioiJine,  sulpbur,  iind  phosphorus  otq  not  obiaiticd  (iirecLly 
from  nitrogen  gas  itHetf,  but  from  tliG  Jeuoinpcsition  of  niiiniouia.  lodiiio 
will  not  combine  directly  with  osy^'cn  j^aa  to  form  iodic  acid:  ihia  auid  is 
hovrvver  pnxluced  on  bo-tiiij;  iodiciQ  with  nitric  acid.  Similnrly  iudio 
Htiid  is  produoeU,  an  also  broinic  and  cblnrlo  acid  (which  latter  canitot  be 
funned  vy  means  uf  nitric  acid)  by  bringing  ioJiuo,  bromine,  or  cblMriU'Q 
Id  coutocl  with  solution  of  potiwb.  Tlje  cornpound  of  water  aud  oxygen, 
called  peroxide  of  bydroj^eo,  is  obtained  not  from  water  iind  oxyecu  gaa, 
but  from  water,  peroxide  of  bariom,  and  liydrotblorin  acid,  tlie  a^iid 
abatraotiag  bacytu  and  leaving  the  oxct}se  of  oxygm  of  the  peroxide  of 
biLriiim  to  go  over  to  the  water. 

Among  tbo  in»tanceB  m  which  cohesion  is  diiuiniebeil  bj  the  action  of 
a  pr^'-exiBting  compound,  the  following  may  h&  luentioneil:  AdbydroiM 
baryta  does  not  absorb  carbonic  B*;itl  gas,  but  the  hydrato  takes  it  up 
remlity,  wat«<r  being  n&t  free  at  the  sataB  tluie.  Cryiitallixcd  alumina 
(SiipiiLiro],  iiod  many  othct  wcak  bases  in  tbe  ccyHlallixed  or  igiittcil 
afate  do  not  di^olvc  in  liydrocbli^rif^  acid:  but  iifter  being  heated  with  a 
lar;go  quastity  of  caustic  potaEb  with  which  (hey  comVrQe,  they  boeoma 
Buluble  iu  lliiit  acid.  If  the  intKtlubility  nf  cryciuilliit^d  aluiuiiia  arose  from 
its  drhoHiuii  bctitg:  grcTbtcr  thati  its  ailiDity  for  tb4>  acbl^  it  ought  not  to 
dissolve  in  the  acjJ  after  being  ignited  with  polasli,  but  to  spparato,  In 
OOOflequcnro  nf  Us  greater  cofaeuion,  after  tho  pota^li  had  beoti  di^iiolv&d  iu 
the  acid:  it  appoara  tbon  to  bi^  only  tho  poculiar  kind  of  a,ggrcgatioti  be- 
longing to  tho  {.TystulUiLe  etat«  that  prcvente  the  alumina  from  actiug  iu 
ohedk^nco  to  its  allinUy  for  the  add. 

b.  iDiluctioa  of  choniit-al  coinbiuntioa  by  communication  of  eftemiml 
fnnyy. — A  body  iu  the  act  of  cbomk'tti  CDUibtnation  hu  the  ]iower  of 
inducing  the  sumo  kiud  of  iirtirity  in  another  tody  and  cnusing  it  to 
oombioc  with  a  third  body,  thereby  forming  a  coiupouad  which,  under 
tbe  existing  circnni^tancea,  would  not  hare  been  formed  without  tlie  pre- 
««n<^  Qf  the  first  body,  (Liobig,  Ami.  Plinnn.  30,  262.)  \Vet  poat-fRrth 
gradually  abtaorlM  uxygen  gaa;  if  the  latter  be  mixed  with  hydrogun.  a 
^lortion  of  tbe  hydrogen  cnlern  into  eonibinatioa  with  the  oxygen,  which 
it  would  not  do  in  the  absence  of  the  peat-eartb.  (Snusiniro.)  Niirogt'a 
gjM  d<Mw  not  by  iljiclf  coniiiine  with  oxygen,  even  when  heated  ;  but  if  a 
mixture  of  niirogeu  nnil  hydrogen  hp  sot  ou  Bre,  tho  hydrogen  buruj, 
producing  watGr,  and  a  portion  of  tho  nitrogen  combined  at  the  namo 
lime  wilb  oxygen,  prodocing  nitric  acid.  Pure  copper  does  not  oxidate 
in  water  mixed  with  sulphuric  acid,  but  wbeu  ciinibinixl  with  zicic  and 
nickel  (in  Gfrman  eilvcr),  motalii  whiclj  decoinj>osH  acidulated  water,  or 
when  coniliined  with  three  tinie&  1(3  wml^lit  of  zinc  only,  it  uxidates  jtuil 
disHulvcB  conipUitely  l(igt_nlier  with  th<^  other  melalA.  Platinum  when  atone 
duoa  not  oxiditu-  and  diwoivc  in  nitric  ocld^  hut  whoa  alloyed  with  silver 
it  l>eccim«a  soluble  iu  that  acid. 

%.  Circ»tmtUi}Ke»  a/id  Rauits  1/  U«  ehmieat  covibination  0/  PontUratU 

A.  Emission  and  nbsoriition  of  impnndpmMp  miljstrinces. 

Id  all  nasiH  of  the  conibiiialton  of  puuderablo  bodies,  a  clnuige  «nd 
gMMimlly  a  riao  of  t«niperatur»  it  piwliioed,  «HiioLini»a  amounling  to  tb« 
inott  iainuM  heat.  This  riwt  of  temperature  ta  jtenenlly  grcaU-r  in  pro- 
porlion  to  the  ilnDgth  of  ^e  affijiity  b^  which  ih^  wmbinalion  i«  brougUt 
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about  J  a  Tall  of  teniperatuTs  h  lead  Ereqnent,  (  Vid.  H^at  )  Soma  com- 
binations are  ttttenocd  ynlh  a  eliglit  development  of  electricity,  (fit/. 
EJectricity.) 

B.  Time  in  which  combination  takes  place. 

a.  Wiih  the  Ktms  two  bodies,  t]\Q  rapidity  of  combinatton  is  iDcreased 
by  diminiKliing  the  qiiiLntHy  of  a,  soH  J  body  in  proportion  to  that  of  a 
Hquiil,  or  of  a  gasooua  body  in  pruportioD  to  that  of  a  liquid  or  a  solid; 
by  i]imini»iLii)<;  tde  cohesion  of  a  eoSidby  boating,  or  tbe  elasticity  of  a  gtw 
by  cooliLig  and  com])r£?Hsion ;  and  lastly,  by  commiDuting  a  aolid  body  and 
icicreasihg  the  number  of  points  of  conCact  by  ngitntioit  and  friction. 

A  enlt  placed  at  tlis  bottwtu  of  a  quantity  of  witter  iclL.s8olveB  very 
alowly  when  at  rest,  becauHC  the  beavy  film  of  sal i no  sohition  wliich  IB 
^adimlly  forminfr  remains  a.bore  tbe  salt  and  pfevcuts  ita  coiiljict  with 
the  reiit  of  tlie  wjitcr:  tbe  samo  Bait  pliiced  at  tKo  upper  part  of  tbe 
water  in  a  muplin  bag  ora  filtcrdiflHoIvea  v^ry  rapidly,  because  tbe  Bolution 
as  it  is  formed  ijints  to  the  bottom  and  allowti  the  rest  of  tbe  water  to 
corae  in  contact  with  the  salt.  Ammoniacal  gas  directed  upon  the  sur- 
face of  ivater  is  very  slowly  ahaorhed,  hecaime  iho  DewcomipQUnd  (solutloa 
of  nmmoaia)  is  li^liter  than  water^  and  tboreforo  forma  a  layer  on  the 
eurfaco  preveiitinj;  iho  farther  contact  of  the  water  and  gaa;  but  if  the 
gas  13  directed  through  n  tube  to  tlie  bottom  of  the  water,  tlio  absorption 
takes  place  ve;ry  qulekly.  Hydro4-hloric  afid  gaa,  on  the  contrary,  \a 
rapidly  absorbed  when  dirflctod  on  the  surface  of  water  because  ita  solu- 
tion iu  that  liquid  being  bcarler  than  water  ^iuks  to  tbe  bottom,  cud 
freab  water  come?  to  tbe  eurfiice.  A  metal  slowly  cooled  after  fusion  dis- 
eolresnieru  rapidfy  in  aoidu  than  it  would  tf  it  hn4  boon  hammered, 

b.  Witfi  Jtfffjtni  hodiet,  the  rtipidity  of  combination  is  greater,  in  pro- 
portion aa  tbeir  affinity  ia  greater,  their  coheaion  leaa,  their  diSeroiice  of 
specific  gravity  smaller,  their  diffusion  through  one  another  more  eft*y, 
and  the  fluidity  of  tlio  new  compoajid  more  complete.  The  combination 
of  solids  with  fluids  takes  place  much  more  slowly  in  consefjuonce  of  the 
greater  cobedon  of  the  former  tlian  that  of  lluida  with  fluids.  Liguida 
of  different  speeiflc  gravity  cumbiue  slowly  when  at  rest  and  diapoecd  oae 
above  the  other  in  layers,  but  quickly  when  shaken.  Gaaea  combine 
most  quiflily  of  all,  because  they  difl'uso  theineelves  through  eaeb  other 
sjMjntaneotisly  by  adhesion  (page  20).  If  the  new  compound  is  solid  at 
ordinary  temperat'ires,  it  places  itself  betweou  the  new  bodies  and  hindera 
tiieir  further  cumbLuatioa  ;  e.g.,  zinc  aJid  eulphur. 

C.  Proportions  in  which  bodies  combine. 

Thia  forme  the  subiect-matter  of  Stoichivmelry,  or  the  Doctnne  of 
Cftfnicfil  f'roporiio^'S  or  Ci'tniicQl  Equivahntt, 

]'oT)derable  bodies  generally  combine  in  definite  proportione,  which 
ooioe  out  with  greater  dietiuctness  as  the  affinity  between  the  combining 
eabatancee  ia  stronger.  iWith  respect  to  the  pniportion  iiu  which  two 
bodies  combine,  the  fullowing  cases  present  themselves: 

a.  JW  litditt  majf  mixed  in  ant/  proportion  tuhataver,  and  in  no 
cntr  tiotM  tht  mw-ftt'f  preienC  avy  peculiar  prvpertiu:  Water  and 
alcuh'd,  alcohol  and  otber^  ether  and  volatile  oiU. 

b.  One  body  A  tnatf  toAr  up  any  guctntily  whateiKr  oj  ansfhfr  hod^ 
It;  but  B,  nfitr  havimj  cotnfiinrd  with,  tt  certain  quantiUf  of  A,  takts  up 
UQ  more  of  %t. — B  i»  then  said  to  be  saturated  with  A;  the  point  o/iatn- 
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mitoii  ifl  attAided;  n  taturoltd  eombiHaiion  or  tnlnti'on  lias  breu  fonii^c). 
1  part  (it  linsLiodl-riU  niuy  bo  dieeolved  in  40,  lOOO  parts  or  a.iiy  grmtpr 
(|uantityof  alcohol ;  but  when  30  part«  t>f  alcoliol  have  tnkcii  up  1  part  of 
IiU8*cd-oilf  any  greater  fjuautity  rciiiiilDa  undiasolved  anj  furnie  a  milky 
liquid  on  a;:itatioii.  10  jiortf  uf  cotninoii  gait  mixed  with  a.tiy  ((tiiintity 
of  vralei  prcriter  than  27  pis.  will  furni  a  clear  sotiitiou  ;  but  if  coninivn 
mli  be  added  by  smnll  porLiona  at  a  time  to  27  parts  of  water,  the  first 

10  pts.  will  dissolvo  cumpletely,  but  nay  further  <]i]aiitity  will  remain 
undias&lved.  SinulfLr  reltitioDS  aro  exhibited  by  wnter,  (Jcobol  and  etlier 
towards  many  s-ilts  aiid  other  soYtd  bodies,  and  likowise  towards  goae^. 
Water  and  cihc  ngit^ted  together  iti  equal  qnnntitiL'ii  tueparaio  wbon  leffc 
at  rest  into  two  layers;  tlio  lower  consists  of  water  saturated  with  ^ 
ether,  which  rany  be  roplaceil  by  any  quantity  of  water  whatever ;  the 
iippor  \i  ethor  hotdiug  a  very  umaJl  ifjuantity  of  w&ter  in  solution,  and 
misoihie  with  ether  in  all  pmportionB. 

Ill  TDOftt  of  these  ca^es  the  point  of  ^atiinttion  varies  with  the  tempe- 
rature and  cictertitil  pressure.  Most  solid  bodiea  diasolve  more  ahundaal-ly 
in  fluids  tlic  more  the  temperature  is  raiwd,  probably  on  account  of 
iliininiehed  coboaion ;  but  as  eiccptionti  to  this  law  we  find  that  lime  and 
eomo  of  its  salts  dissolve  more  aonndiintly  in  cold  than  iu  wami  water, 
and  10  ptd.  of  common  salt  Batumtc  27  of  water  at  all  temperatunis. 
Under  iHcrcDsed  pressure,  li^uida  will  di^£<dve  larger  quanlitioe  ofpiaeoiia 
bodiee;  moreover  Pcrkin!)  found  {Ann,  C%  Phj/s.  23,  410.  also  iSWiw.  3,t, 
301)  that  a  milky  mixture  of  nicohol  with  a  larger  <juantity  of  bergamot 

011  than  it  caa  dii^^olvo  iit  tho  onlinary  presjinre  of  the  air,  bvcatno 
ftcrfectly  limpid  from  eolation  of  the  oil  iicdor  a  presaurt;  of  HOO  atmu- 
(tpherea. 

t.  Tioo  hodift  e<milini  in  OHf  or  a  tiAall  nuvuh&r  Onttf  of  tJ^jinite  prv 
poHi&na,  tuhjtci  lu  no  variation  from  fr'M/iertfiov  or  outufird  prfMxitre. 

Thid  la^',  the  most  important  of  all,  lioMa  good  in  all  cases  in  whicli 
tho  more  powerful  atfinities  are  concerned.  It  implies  a  mutual  Mtom- 
tion  of  A  with  B,  and  B  with  A. 

M.  The  two  bodioH  A  and  B  combine  in  one  proportion  only.  In  this 
c£3o  the  same  relative  quantities  eiLfiure  Lho  (saturation  of  A  with  B,  and 
of  B  with  A. 

Cbloriiio  and  hydrogen  combine  only  in  tho  proportion  by  weight  of 
35  4  :  I ;  sinn  and  sulphur  only  a«  32'2  :  Ifl. 

B,  The  twu  bodies  combine  in  2  definite  proportionfl  only;  A  la  «atii' 
rated  with  B  nt  one  of  these  proportion«,  and  B  with  A  at  tiic  other. 

SIk  pn.rt«  of  cjirb<m  combine  with  fl  pts.  of  oxy^'en  to  form  carlionio 
oxide,  with  lit  to  form  larhouic  acid  ;  in  carbonic  oxide  lho  oxygen  \» 
Maturated  with  nirhifn,  in  carbonic  acid,  tho  carbnn  ix  entiirated  with 
oxygon  ;  for  H  oxygm  wiK  not  take  up  more  iban  U  CHrbon,  nor  G  carboo 
more  than  16  oxygen;  moreover  between  carbonic  oxide  and  carbouio 
acid  there  pxihIa  no  intcnnedtaCe  rombination  eentaiiiing  nioro  than  9  and 
Imb  than  16  uf  oxygen  united  with  (i  of  carbon.  It  it  ttuc  that  carbonic 
oxide  and  carbonic  acid  gaaea  niny  be  mixed  in  any  propoHion  whatever, 
and  thus  a  gu  obtained  in  which  6  parts  of  carbno  are  prenont  in  eonn«ctiou 
with  nioFo  than  R  and  lew  tlian  111  of  nxygen:  but  this  ia  no  chemical 
coinjHfirnd,  but  a  mrre  mixture  of  guem,  from  which  potuh  will  remove 
the  culjunic  acid  and  tenve  lli«  carbonic  oxide  behind.  Similarly  S&'i 
tsUorine  witli  Illl  4  incn'ury  fon"  cwrrosive  nuhUiiiate.  and  with 
Diercitry  they  form  caluiuelt  a  BulMitnnce.  which  for  evwry  3S"4  pU.  of 
chlorine  contained  more  tluw  I0r4  and  lew  than  204'8  mercury,  would 
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lie  a  mixtnre  of  oorroaire  gablimate  and  calomel,  from  which  alcohol 
would  diasolre  the  former  and  leave  the  latter. 

y.  The  two  bodiee  combine  in  3,  4,  or  5  distinct  proportions. — In  this 
case  the  combination  of  A  with  the  largest  quantity  of  B,  gives  one  point 
of  saturation,  aod  that  of  B  with  the  largest  quantity  of  A,  the  other; 
between  these  two  points  of  saturation  are  situated  1,  2,  or  3  intermediate 
combinations.  But  here,  as  in  the  former  case,  there  is  no  gradoal  transi- 
tion from  the  minimnm  to  the  maximum,  bat  a  sadden  passage  from  one 
eharaoteristtc  combination  to  another. 

48  molybdenum  with  8  oxygen  form  mol;^bdoas  oxide,  with  16  oxygen, 
motybdic  oxide,  and  with  24  ox.  molybdio  acid.  16  sulphur  with  8 
oxygen  form  hy^sulphurous  acid;  with  16  ox.  Bolphnrous  acid  with  20 
ox.  byposalphnnc  acid;  and  with  24  ox.  sulphuric  acid.  14  nitrogen  with 
8  oxyg&a  form  nitrons  oxide ;  with  1 6,  nitric  oxide ;  with  24,  nitrous  acid  ; 
with  32,  peroxide  of  nitrogen  or  hyponitric  acid ;  and  with  40  of  oxygen, 
nitric  acid.  Many  intermediate  compounds  maj^  be  regarded  as  com- 
binations of  two  saturated  compounds  in  definite  proportions.  Thus, 
103'8  lead  form  with  S  oxygen  (the  smalleat  possible  quantity)  the  yellow, 
with  16  oxygen  (the  greatwt)  the  biown  oxide  of  lead:  between  these  is 
found  the  rad  <mde,  which  eontains  103'8  lead  with  10^  oxygen,  or 
(maltiplying  1^  3)  311-4  lead  with  32  o^gen,  and  may  be  regarded 
as  a  eompoana  of  yellow  oxide,  2  (103'8  lead  +  8  oxvgen)  and  hrown 
oxide  (103*8  lead  +  16  oxygen).  Moreover,  the  rea  oxide  is  decom- 
poeed  by  acetic  a«d,  which  tSssoIveB  out  the  yellow  oxide,  leaving  the 
brown.  Similarly,  magnetic  iron  ore  may  be  r^[arded  as  a  compoand 
of  protoxide  and  peroxide  of  iron. 

These  more  intimate  and  definitely  proportioned  compounds  considered 
under  c,  are  snbject  to  the  two  following  important  laws. 

First  Law  rblatinq  to  the  same  two  bodies.  Suppose  two  bodies 
A  and  B  to  be  capable  of  uniting  in  several  proportions;  then  if  the  smallest 
quantity  of  B  which  can  combine  with  a  given  quantity  of  A,  be  multi- 

elied  either  by  l-J-,  or  by  1^,  or  by  2,  or  by  2^,  or  by  3,  4,  5,  or  any 
igher  whole  nnmber,  the  products  will  give  the  other  quantities  of  B, 
which  may  combine  with  the  before  mentioned  given  quantity  of  A, 
(Berzelins.)  Thus  6  carbon  combine  with  8  and  2.8  oxygen;  16  sulphur 
with  8,  2.8,  2^.8  and  3.  8  oxygen;  14 nitrogen  with  8,  2.8,  3.8,  4.8  and 
5.8  oxygen;  103-8  lead  with  8, 1-^.8  and  2.8  oxygen.  This  law  affords  a 
check  on  the  results  of  experiment :  thus  if  experiment  bad  indicated  tiiat 
6  carbon  unite  with  8  oxygen  to  form  carbonic  oxide,  and  with  15*5 
oxygen  to  form  carbonic  add,  it  might  have  been  suspected,  since  15*5  is 
not  one  of  the  moltiples  of  8  by  14, 1^,  2,  2^,  3  .... ,  that  the  eom- 
pontion  either  of  caibouio  oxide,  or  of  carbonic  acid,  or  <^  both,  had  not 
been  oorieeUy  determined  by  experiment. 

SEooifD  Law,  rblatino  to  difpebent  bodies.  From  the  proportion 
in  which  A  combines  with  B  on  the  one  hand  and  with  C  on  the  other,  may 
likewise  be  calculated  the  proportion  in  which  combination  may  take  place 
between  B  and  C.  If,  for  example,  experiment  shows  that  1  part  of  A 
combines  with  3  parts  of  B  and  with  8  parts  of  C,  then  B  and  C  must 
combine  either  in  the  proportion  of  3  B  to  8  C,  or  in  some  other  propor- 
tion in  which  the  3  B  are  multiplied  by  one  of  the  following  numbers,  1-j^, 
1^,  2,  2^,  1,  3,  4,  5,  Bcc,  or  the  8  C  by  one  of  the  same  numbers,  or  the  3  B 
by  one  and  the  8  C  by  another  number  of  the  same  series.  The  same  law 
holds  good  in  the  case  of  any  number  of  bodies,  so  that  if  I  A  will  coia'bv^ 
with  3  B,  8  C,  10  D,  IS  E,       then  B  wUI  oomVtne  nVAiC,  \> 
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E  cither  in  the  proportion  of  3  :  8,  3  :  10,  9  :  12.  or  else  iu  prtiporlioTi* 
olitiiincd  hy  multiplyintr  odb  or  each  of  these  nnrnhpra  hy  sonio  factor 
tftketi  from  tho  aLflVC-mentitmed  scriea.  Taking  sulphur  for  Uio  body 
dgootcd  by  find  that  IC  sulphur  with  103'S  Ifad  form  sEii{ihnret  uf 

lead;  with  2+ oiygcn,  aul[)lmric  acid ;  with  I  hydropen,  LydrdeulphuriO 
DAsid;  with  3  carion,  bitiulphuret  of  enrbon;  and  ivith  iron,  iroa- 
pyriles.  Now  lOS'S  lead  combine,  not  with  24  oxygen,  but  with  8  oiy- 
to  form  yellow  oxide  of  lead;  tho  103'8  Iceid  rauHl  therefore  be  mal- 
li|diod  by  3  to  fi'tve  the  proporlion  in  which  load  ticid  uxy^n  are  canibiiied 
in  the  yellow  uxide.  Oxyi^n  and  hydrogen  combine,  not  in  the  rati<i  of 
24  :  If  but  of  8  :  I  or  24  :  ^;  tho  1  hydro^-en  niust  therefore  be  muttipliod 
by  3. — 24  oiygen  combiBC  utit  with  3  carbon,  but  with  18  carbon  in  «Kr- 
bo»jc  oiidoi  the  3  carbon  has  therefore  to  bo  multiplied  by  0. — 24  czygeii 
conibiuo  not  with  13'G,  but  with  81 '6  iron  to  form  protoxide  of  iron,  tbfl 
latter  iinmlier  beinp  equal  to  0  tlmp?  13-tl. 

Kroni  thesp  two  laws  it  fylluws  that  to  every  Bimple  Bubstanw  lh«r« 
l.i<tlong>i  a  certain  relative  weight,  fiocording  (o  wlitch  it  ^ombiues  with 
pvon  relative  weights  of  other  simple  substances,  only  tb^it  in  mauyciue* 
thi§  relative  weight  rcipiires  to  be  multiplied  by  some  tiutuher  of  the  Mrica 
already  tiicntioned.  TLie  delennitiAle  telalive  weight  of  ii  body  Ih  hy 
tlioae  who  admit  the  atomic  thcury,  called  the  Alomic  Wri*f)ii;  by  thoA^, 
on  iho  tith^r  hand,  wbn  either  reject  this  theory  httoj^olhtr,  ur  regard  it  U 
not  eutiSciently  c.'^Cu.bH^lied, — \\i<:  Cmnhining  We{</M,  Cfiftn.if'.il  Weight,  Cht>- 
mical  Equivaloit.  Combining  Proportion,  Jiqttim/ft)t  Prffift-tkm.  or  Sr/yi' 
valrnt  ^mnhtr,  Sinichirimfirirfil  Prop^rUon,  or  Stoichiomftrimi  Ktimbrr. 

The  origin  of  these  twii  liiw^  is  imist  satinfibrt&rily  pxphiitied  by  tbn 
atomic  theory  (which  wo  shull  hereafter  dovelnp  more  coniploli'ly),  areord- 
ing  to  whteh  vvury  simple  t^ubstancn  ronsif^tfl  of  very  nmEill  inviuLblff  jiar- 
ticies  called  atmns,  these  titoniu  beiiiir  of  uniform  weight  and  volume  lu 
each  indiviilaal  subdtancc,  while  the  ntoitia  of  dilfercnt  Bulii^lani?es  may 
1h>  of  lEiHorent  woif^ht  and  volume.  It  Is  n«auincd  that  in  chomicnl  com- 
bination the  hoterogencous  atom?  lay  themselves  close  together,  and  so 
form  corHfouvit  aiomt,  which,  when  collecteil  into  a  maBSj  con^titule  th« 
new  couipounJ;  furtliiT,  that  the  ntomn  have  a  tt-ndency  t«  unite  ia  nim- 
plc  nnmericul  propurliona:  e.  ff.,  1  atom  of  A  with  I,  2,  3,  or  more  atoms 
of  U;  or  2  atom.^  of  A  with  3  or  5  nt<on8  of  D,  or  3  atoma  of  A  with  4 
atoms  of  B,  It  if-  only  in  orguTiio  ciinipguod^  that  more  coniplvx  propor- 
tion»  nrvnr. 

If  we  now  examine  the  preocdid^  exantploH  aeenrding  to  thin  view, 
we  inny  osMtine  ibal  the  absolute  weight  of  an  st()m  of  enrbon  is  to 
thiil  (if  nil  atom  of  nxy^n  =  6  :  A,  aud  ilmt  I  At.  carbon  ciunbiiieK 
either  with  1  At.  oxygen  to  form  oarlMoiii-'  oxiilo,  or  with  2  At,  nxv|?en 
to  frirm  rarbonic  ftrirl.  It  will  then  folhiw  ihiif  in  rarlmnic  oxide  every 
11  parte  bv  wt-ight  of  earbon  are  r-ombinrd  with  H  part«  of  oxTgen, 
and  in  rarTiouin  iwid,  every  (t  part(<  of  cnrbtm  with  Hi  of  oivgen, — Wb 
may  aUn  wilb  grciit  prnbnbility  as-ntme  tloil  the  tit'Miiic  wfijfht  of  »iilpbnr 
ta  Iwico  an  high  that  of  oxygen,  and  fhcroftire  =  1  ft.  if  tlmt  of  exviP^n 
betaken  =  8.  Sinoo  now,  Moording  to  cxi«t'rimr-tit,  IB  mrt«  of  Riilphiir 
mn  eonibinp  with  H,  10,  SO  or  34  parta  of  onygcn,  it  follows  thai  I  Al. 
sulphur  nmbincA  with  I,  2,  and  3  At.  oxygf-»;  and  ninre  half 
alouifl  are  inodmiMible,.  iba  eotnbinatton  of  l(t  Rulphur  with  20  oxyi^n 
(s  3S :  40)  tniiy  bo  repmled  aa  twnjiiKLing  of  ^  At.  pulpbur  combined 
with  At.  exvgeti. — If  the  atomic  weight  of  nitrogen  be  tiihen  eipiaJ 
to  L 4,  it  will  DC  found  Ihit  1  At.  iiitronen  r^n  combine  with  I,  i,  .1,  4  or 
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At.  oxygen. — The  atomic  weigtit  of  lead  beiag  iLesuiued  equal  to  103-S, 
e  jellow  oxiilg  qf  leaJ  must  Im  ?.upp08ed  to  coutain  J  At.  leaJ  with  1 
t.  oxygen,  the  brown  oxide  1  le^'ni  ■with  2  oiygCHj  and  the  r^d  iixido  3  load, 
th  4  oxygen.  Thus  it  \»  E^xjdaiaed  why  the  smiilleM  quantity  of  Q 
ith  which  A  wJU  comhinc,  munt  "bo  multiplied  by  1§,  Ij,  2,  2^,  3,  4, 
nnd  othtr  whote  humbeW,  to  find  the  other  proportions.  F«r  1  At.  of  A 
takes  up  somi>timo»  I,  6omDtLnic.a  2,  &Din>etime»i  more  atoms  of  D,  aud 
lipuf^  the- augmentation  proeeedfl  according-  to  whole  numbcra:  or  2  At, 
of  A  unite  with  3  ot  j  uf  fl :  henre  nrittca  uiultiplication  by  1 J  or  2^;  or  3 
'  t.  A  with  4  At.  B,  whetito  mtiUipliratiuu  hy  1^. 

With  Tcapoct  to  the  eccoiid  lnw,  we  have  tho  l^ollowing.  If  experi- 
mc&t  flhowfl  thut  1  part  of  A  comhinoa  wit!i  3  parts  of  B.  and  with  8 
partA  of  C,  then  ou  the  mippunltion  that  in  these  conipoiindtj  1  At.  uf  A 
exists  iu  pouoexiuu  with  ]  At,  of  B,  aud  with  1  At.  of  C,  it  fuUowa 
thdt  the  atomic  ■weights  of  A,  B,  C,  =  1  ;  3  ;  8;  e'uice,  Lowevcrj  in  tlieae 
combinations,  1  At,  nf  A  may  he  conibiucd  with  2,  3,  4,  or  any  greater 
naoibcr  of  ntonis  of  B  or  C,  or  2  At.,  of  A  with  3  or  5  At.  of  B  iir  C",  or  3 
t.  of  A  with  4  At.  of  B  or  C,  &c,  or  finally,  biuce  B  iind  C  must 
nut  be  euppue>cd  alwa.ye  to  cunitiue  iu  equal  uumbt^rs  of  atotiie, — it  will 
often  bo  necessary,  in  dctermminy  tho  loqiiivnleut  numbers  awording  to 
which  fi  and  C  comhioe,  to  multiply  tho  3  imvts  of  B  or  the  S  paria  of  C,  or 
both  of  theui,  by  one  of tbo  numbers  in  tho  series  1^,  1^,  2,  2^,3,  4,  3.. ., 
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Of  the  ahaolule  aeight  of  atoms  we  can  Icdow  nothing,  excepting  that 
they  must  ho  extremely  email.  It  la  only  tho  relative  weight  of  tho 
atomft  of  diflerent  boiliea  that  mn  be  duterniined  with  any  degree  of  pro- 
bability  from  tbo  proportiouH  by  weight,  according  to  which  the  bodit-s 
combiQO,  This  rdniive  atfimie  uetTint  may  be  diii!04vered[  by  os.'jumiug 
arbitrarily  a  particular  number  to  rtpresent  the  atomic?  weight  of  any  ono 
«ubstuui'e,  and  then  dctermiiiiug  the  utomiv  weights  of  the  other  hodica 
according  to  the  proportiouj*  by  weight  in  whuuh  they  combiue.  Sorao 
chemists,  fullowing  Daltoo,  pat  the  atouiio  weight  of  hydrogeu,  because 
it  is  tbe  smallest,  —  1;  but  the  greater  iLumber  agree  with  fierzelLus  in 
assuming  oxygen  —  100.  Tho  fviiuer  method  i«  to  be  jireforred,  bccuusQ 
it  givea  simpler  numbers  and  thereby  favyura  the  retientioQ  of  them  in  tba 
iiiciikory  una  facilitates  calculation.  The  utomic  weights  of  miuiy  ether 
hudieii  appear  to  be  eiiuplo  multiplos  of  that  of  tiydrogcu,  and  cuiLsequently 
when  bydrogflu  i a  taken  =  1,  they  are  represented  by  whole  niimberej 
fefl,,  wirhun  6,  oxygen  8,  uitrogto  14,  aulphur  16,  &d.  These  numbers 
litewiae  contain  one  digit  les£f  than  the  others:  thus,  oxygen  8  instead  of 
100,  carbon  B  instead  of  7o,  nitrogen  1-1  instead  of  1?5,  sulphur  IG  in- 
stead of  &c.  This  Bimplicity,  moroover,  obtaiufi  particularly  with 
rcgar*!  to  those  substancea  of  which  the  inuomerable  organic  compounds 
are  formed.  In  favour  of  the  other  method  it  ih  indeed  advanced  that 
oiygen  ia  of  all  the  elementary  bodies  that  which  forma  the  widest  rango 
of  compounds,  and  eonseqnently  that  mkulation  must  be  facilitated 
when  that  element  is  ciprem'd  by  eueh  round  numbers  ae  100,  200,  300, 
400,  500,  Sec,  but  the  nnmhers  8,  It],  24,  32,  40,  are  more  rpticltly 
written,  and  cucumber  tho  atlJition  so  much  the  leas  aa  the  other  ele- 
meols  of  the  compounHl  are  at  tho  same  time  eiprensod  by  simpler  num- 
bers.  Moreover  hydrogen  occura  in  a  great  number  of  inorganic  eora- 
pounds,  cflpmally  iu  the  form  of  water;  and  in  orgauic  compoiiniia  it 
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wvms  more  frequently,  B.n<l  in  gn>a,ter  numbers  of  utoms  than  Dxygeo, 
no  that  it  makes  a  very  great  difference  itt  t)ie  CfilculRtioii  wbcther  tbb 
Bubetaacc  is  denwted  hy  1  or  by  12-50. 

The  atomic  weiglit  of  tme  bndy  being  arbilratily  fiicd,  r  c?.,  lliat  of 
bydrog^-n  =  I,  tbe  ntomic  wetgblB  of  other  bodios  are  fuuttd  as  follows: 
ItK)  parts  of  Wilier  contain,  afcording'  to  experiment,  11-111  b^dtogen 
and  88"S89  oxygen.  If  now  it  bo  aE,?inned  a«  most  probable  tbat  m  water 
every  atom  of  nydrogen  is  in  combination  with  1  atom  of  oxygen,  ihea 
the  weight  of  1  At.  hydrogen  must  be  to  tbat  of  I  At.  oxygen  = 
l!-ni  :  88'880  =  1:8.  If  100  grains  of  water  contain  *  atonia  of  hy- 
drogen, and  therefore  (according  to  tbc  hypotheaia  that  ia  water  every 
1  Al.  hydrogen  is  combined  with  I  At.  oxygen)  also  x  At.  oxygen,  the». 
X  At.  hydrogen  must  weigh  11-111  eraina,  and  g  At.  oxygen  88-883 
grains;  if  then  the  weight  of  »  At.  liyarogen  is  to  that  of  c  At,  oxygen 
=  n-l  11  :  ^8-889,  then  likewise;  the  weight  of  1  At.  hydrogCQ  must  ba 
to  that  of  t  At.  oxygen  ~  ll  lU  :  88-fii*<&  =1:8.  100  parte  of 
phuretted  hydrogen  c<iutain  5'!)  parts  of  hydrogen  and  ^4*1  parts  uf  sul- 
phur; if  now  we  assume  that  this  compound  enntains  cinial  niimbcrs  "f 
atoms  of  hydrogen  and  sulphur,  w©  have  the  prnpfrtiop.  yi>  :  94'I  = 
I  :  If!,  or  the  atomic  weight  of  fitilpbur  is  10  if  that  of  hydrogen  be 
aafumed  =  1.  Further,  on  examining  the  rehition  of  sulphur  to  oxygen 
we  find  Ihnt  100  pi^rM  of  fiulpltnroas  ncid  contaiu  50  of  -tiulpbur  and  50 
of  oJtygen;  and  100  part^  of  sulpbiiric  acid,  40  sulphur  and  (jO  oxygen. 
Now  50  :  .10  =  16:1(1,  and  40:60=  16:245  and  aincc  the  alomjo 
weiglit  of  sulphur  la  Ifl,  that  of  oscygon  P,  ttc  may  conclude  that  in 
sulphurous  ncid  1  At.  sulphur  =  10  h  combined  witli  2  At.  oxygen  = 
18,  und  ill  Milphuric  acid  with  3  At.  oxygen  =  'H.  Since  c&rboniQ 
oxide  contnins  0  parta  of  carbon  combined  with  8  oxygen,  and  carboaiQ 
RCid  6  carbon  with  16  oxygen,  we  eatiuiatc  the  oloni  of  carbon  at  6,  and 
Buppose  that  in  carbonic  oxide  it  ib  combined  with  1,  and  in  cnrhonio 
aciii  with  2  atoms  of  oxygen.  Sulpburel  of  earhoo  eontaliiH  6  part£  nf 
carbon  united  with  33  eiilphnr;  therefore  1  At.  earhun  with  2  At.  eiil- 
pbnr.  Siniilurly  the  atomic  weight  of  nitrogen  ie  egtiniuted  nt  14, 
becBUfie  14  parta  of  nitro^n  combine  with  8,  16,  24,  S3,  and  40  purtd 
oxygen:  consequently  1  At,  nitrogen^  with  1,  2,  3,  4,  and  5  At.  oxygen. 
In  ammonia  1 4  partf)  of  nitrogen  are  combined  with  3  of  hydrogen,  thcro- 
fore  1  At.  nitrogen  with  3  At.  hydrogen.  Since  in  yellow  oxido  of  lead 
(mae^ieot)  103  ^  lead  are  couibined  with  oxygen,  the  atomic  weight  of 
lend  may  bo  estimated  at  103  ^1;  according  to  this,,  galena,  which  id  com- 
poiwd  of  leail  and  eulpbur  in  the  proportion  of  103'8  :  16,  lUUSC  ba 
rt'garded  aa  containing  CQiial  numbers  of  atoms,  of  it«  element*.  Th~ 
then,  the  atomic  weight  of  hydrogen  betng  assunieil  —  1,  the  foltowin 
atomic  weights  have  Vieen  determined;  oxygen  8,  mjpbur  16,  carbon 
nitrogen  14,  lead  I03'8;  and  In  a  preci^ly  similar  oianner  the  alomio 
weignta  of  the  other  elcmenta  arn  calculate*!. 

If,  on  the  other  baud,  tlic  atomic  weight  of  oxygen  be  aKfiuiied 
=  too,  the  iiumbera  just  found  will  bo  altered  follows:  nure  8  ;  1  i  ; 
100:12'A.  Ihe  atomic  weight  uf  hydrogen,  which  wiw  1  in  the  former 
eystem,  will  in  the  present  be  12-5.  Similarly  we  shall  6nd  chat  the 
alomic  weight  of  aulphtir  is  (8  :  1 G  =  100  :  r)  =  iOO:  of  curbuu  (8:0  = 
100  :  j)  =75:  of  nitrogen  (8  :  1 4  =  lOO  :  a-)  =  1?5;  nnd  of  lead  (8  : 103-8 
—  100  :x)  ~  \2&7'!r.  Oonemlly,  the  atomic  weighta  obuuned  hy  aa- 
eumlng  Uiat  of  bvdrogen  —  1  muM  he  nmltiplicil  bv  100  and  divided 
S,  in  order  to  dad  the  eorreeponding  ntomic  wefgbtij  on  the  Ffiippoai* 
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tion  of  1  At.  oxygen  —  100;  cooveraely,  tbe  Ifttter  atoHiic  weights  are 
reducetl  to  tie  fannei  by  multiplyitig  lay  8  and  dtvidiny  hy  100.  How- 
ever the  atoiaic  weighta  ohtaineil  on  tlic  latter  supposition  may  differ 
from  thoHo  resulting  from  tho  former,  it  Is  eviilent  tliut  the  ratio  t>f  the 
numbers  remaitia  the  same,  anil,  aidco  eiU  tho  m&gnituJefi  arc  ret^Ltive, 
this  dilTererice  of  the  atfttiuc  weight  is  only  apparent. 

Annther  less  obvious  cuma  of  diiference  in  the  (determination  of 
atomic  weights  ia  as  follows.  Jnet  as  the  atomic  tlieory  itaelf  reata  only 
on  a  probable  liypotbeais,  aa  likewise  tlie  aasumptioii  that  certaiti  cotn- 
pouDcis  contain  equal,  others  tiiicoua!  nnmbers  of  licterogeneous  atoina 
muBt  he  regarded  as  merely  prohablQ,  For  example  it  cannot  he  proved 
tliut  in  water  every  atom  of  byJro2;ea  is  united  with  exactly  one  atom  of 
osygen  ;  tbero  may  be  2  or  more  atoms  of  byiJrop;eii  combined  with  each 
atom  of  oxygen,  or  one  atom  of  hydrogen  with  2  or  more  alorna  of 
oxygen — and  ^iniilurly  with  re/jard  to  all  other  conipouuds.  The  hypo- 
theaiB  of  Davy,  WuUaston,  and  W.  Henry,  that  water  contniiie  equal 
numbers  of  atoms  lof  vxygcn  and  hydru^u  has  been  assumed  above  aa 
the  more  probablo;  but  tbi;  majority  of  cUemista  agree  with  Berzeliiu  in 
Bupp«,Hing  that  it  contains  2  atoms  of  hydrogen  for  eaoh  atom  of  oxygen. 
Oh  thia  supposition  1  At.  oxygon  will  ha  not  S  but  16  times  heavy 
as  I  At.  hydrogen,  eo  that  it  Hjp  atomic  weight  of  hydrogen  =  I,  that 
of  oxygen  =  16;  and  if  the  atociui'  weight  of  oxygon  =  100,  that  of 
bydrogon  =  6*25 :  for  according  to  this  view,  1  At,  oxygen  =  IG  com- 
bines with  2  At.  hydrogen  —  2.1  =  3;  or  1  At.  oxygun  100  irombioes 
wilh  2  At,  hydrogen  =  2,6"2j  =  12  5.  This  view  rests  chiefly  on  tbe 
]uW  laid  (lowD  hy  fierKfitius,  viii.  that  nimjtle  stibslmtces  in  iht gaseous  ttatt 
c-iiittiin  tquitl  -nurtibfra  of  aCo»is  in  tquul  mtuvifs.  Sinco  then  in  the  for- 
mation of  water  Svolnmca  of  hydrogen  combine  with  1  volume  of  oxygeBj 
and  since  according  to  the  law  juat  stated,  2  vol.  liydrOjL^n  contAin  twice 
aa  many  atoma  as  1  voL  oiygan,  it  follows  thiit  in  water  every  2  At. 
hydro^u  must  bo  combined  with  1  At.  oxygen.  If  1  cubic  inch  of 
bydroji^iTi  gas  contains  x  At.  hydro^iij  then  according  to  this  law,  I  cub. 
In,  oiyjren  gaa  witl  contain  j;  At.  oxygen;  according  to  thia^  the  atomic 
weights  of  the  2  hodiea  will  bo  to  one  anoHier  as  the  specific  gravities  of 
the  gnseaj  for  between  s  atoms  of  the  two  gaseoas  bodies  thoro  must  exist 
the  same  proportion  by  weight  as  between  1  atom  of  each  of  them.  The 
Bpecific  gravity  of  oxygen  gas  ia  16  times  aa  great  as  that  of  hydrogen, 
and  therefore,  according  to  this  view,  the  atomic  weight  of  oxygen  raual 
In?  Ifi  times  a^  great  as  that  of  hydrogen  ;  and  in  water  1  At.  oxyj^'en 
—  IS  ia  combined  with  2  At.  hydrogen.  =  2,1  —  2;  or  ]  At.  oxy^u 
=  S  with  2  At.  hydrogen  —  2,  ^  =  I  if  the  atom  of  oxygen  be  repre- 
suntod  by  !A  and  that  of  hydrogen  by  ^, 

In  accordance  with  this  law,  Borzdius  reckons  the  atomic  weights 
of  iiitriigt'n,  ioiline,  bromino,  cldorine  aud  fluorhie  at  only  balf  the  value 
whii:li  from  otln^r  considerations  they  aiijiear  to  have.  If  the  spociGc 
j/ravity  of  hydrogen  traa  =  1,  that  of  oxygen  is  tfi,  of  nitrogen  14,  of 
iodine- vapour  12'j,  of  brotniue  vajwur  7H'4,  of  chlorine  gas  35'4i  hence 
according  to  Berzclius  the  atomio  weight  of  oxygen  is  to  those  of  tht'»<e 
bodies  =  16  ;  14  :  126  :7S-4  :  35-4  or  =  8  : 7  :  (i3  ;  30-2  :  17-7-  In  the 
■case  of  tlaoriue,  whose  epccilic  gravity  ici  tbe  gaseCiTla  state  Is  llot  yet 
known,  BerKcliuiii  bua  in  the  ^me  manner,  on  account  of  its  aiialogy  with 
chlorine,  reduced  the  atomic  weight  to  one-half  of  that  u&ually  given. 

Against  this  it  mu^t  be  alleged,  (I)  that  we  arc  by  no  means  eom- 
pclled  to  admit  the  above  law,  which  on  tht)  contrary  la  in  direct  oppo- 
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Aition  to  the  nMultd  of  expcrimcnte;  and  (2)  that  it  obligee  hh  to  admit 
the  oiiatence  of  atonic  smaller  than  thoBO  which  ocflur  iii  nny  known 
(wni[tniiu.i,  or  t ban  ia  t-onHUtent  with  the  manner  In  wdicli  thuy  replB™ 
eiLcli  other  in  difl'erent  cornpouQtli, — and  Leada  to  the  use  of  atomju  atim- 
bora  mncli  lar^r  than  im  nctcesflryi 

1.  AetortUiig  to  the  atomic  ihcory,  o%'Grj  consista  nf  ponfiersbia 
atouia  flurnmnded  by  wphores  of  heat.  If  now  it  be  admitted  th.it  iheae 
hoiit-HphereB  have  the  snma  volume  (extfintal  prt-Rflnre  and  leniporatare 
bcinj!  erjual)  in  all  potiderablc  gubatnofcs,  then  it  will  follow  tlint  all  jnMS 
uiuRt  ciiiitaiii  cquiil  numbers  of  atom^  Iei  equal  volumes.  But  thiit  purli  & 
HiippodllfoD  is  by  no  means  nec-csBAry  ia  seen  at  once  from  tlii^, — that  willi 
retijiect  lo  eotiipoiind  pasca  the  law  m  qaeHtioB  is  aoraetimc."  true,  eome- 
timcH  faisc.  Thus  I  rolnme  of  hjfdro^n  e^ui  and  one  volume  of  cliluriiia 
^3  form  2  volume.''  of  hydrochloric  acid  ffm.  If  now  we  suppose  x  tci  bo 
thi*  uumlHir  of  ntoins  in  etich  volume  of  tbo  simple  jpecB,  then  by  thff 
ooncurreucc  of  all  the  iudiviitual  atoms  of  hydrofrcn  with  all  the  indiri- 
dunl  atums  of  cbloiine,  there  will  have  been  fonuci  j:  ntomn  of  hydrochloric 
nciJ,  and  theeo  fill  up  the  Bpaco  of  2  measures:  consequently  tlio  two 
tneawures  of  hydroebloric  aeiJfjaa  contain  the  same  number  only  of  Atoms 
!LQ  I  meanurs  of  hydro^ren  pas  or  1  ineosare  of  chlorine  paa :  1  atom  of 
liydnwliloric  acid  luuft  therefore  bo  surrounded  by  a  hoat-8])lioro  twice  tis 
tarj»fl  that  which  eurpuunda  1  atom  of  chlerino  op  1  atom  of  Jiydrogcn. 
Tbi»  e^fttnple  (manv  others  will  aftcTwardu  appear)  ehows  tbjit  iW  abore 
law  ia  not  nppiiL-alifo  to  L'onipound  gaees;  iudced  it  was  pcvor  a]ipl)od  to 
tbeni.  We  see  also  from  the  mme  etoniplo  that  there  is  no  nece»^ly  for 
fidniittin^  that  tlii?  atnnis  of  all  limpft  subulanee*  i"  the  aaseous  stftto  »r« 
surrounilcd  by  culonfio  envelopes  or  be:U-fpbi'res  of  the  aanie  nia^itudo; 
luit  juat  an  in  compound  bodies  these  piivplop4"B  are  of  different  mnpnt- 
tiidcit  benriOE  simple  relationji  to  ope  anollicr,  so  likewise  may  it  be  the 
t-nac  with  simple  aubsLnnces ;  and  wo  may  therefore  BUpposc  that  the 
heikt*jptteres  wliich  surround  an  atom  of  hydrogen,  nitro^ien,  iodine, 
bromine,  or  chlorine  in  the  ^'lueous  slate  uT«  twiec  u  large  a*  those  of 
oxT^n,  m  that  3  measures  of  their  prUica  will  contain  joKt  the  aame 
number  of  atoms  as  1  metwjureof  oxygen  gn«.  Fiiijdly,  tliat  thia  ditferetira 
(if  mu^itudo'  in.  tlio  be-it-spbere*  must  bo  aJmilted  even  with  regard  to 
■imple  suhjtluiice*,  and  eonaequenlly  that  the  above  Ifiw,  with  all  (he  eon- 
«equehce«  dcliired  from  it  rospoctirij:  the  atomic  Huuilwra,  mnst  be  abftn- 
don«d,  in  shown  by  the  determination  of  the  sivceiflc  gravities  of  mereury 
and  sDlphur  vapours.  The  alomie  weight  of  uiercury  UHnally  jrivcn 
=  lOri  [oxygon  =  S)  and  it  is  aKsunied  that  tbe  red  oxide  conlainn  1, 
and  the  erey  oxido  2  atoms  of  mental  coinbim^d  with  1  atom  of  oxyj^en : 
but  aeeordinj;  lo  Ditmiu  the  sp>  pr.  of  lucrenrj'  vapour  is  a  little  rion*  than 
C  times  llinl  of  oxjjren  pas:  nceordin^  to  this  the  nt^iniic  Wetf^ht  nf  ntvr- 
cnry  should  he  =  .'^O'*  (oirgfu  =  h),  and  lUe  re<i  oxide  of  merrnry 
uliould  rontnin  2  and  the  ;rrry  oxide  4  nlomn  of  metitl  for  e^erv  utom  of 
oxyjren, — which  In^t  prupordon  i;*  higljly  iniprobftlili',  A^iii  llie  atomin 
weight  of  I'nlphiir  is  iinivcr»a)lv  wlTnilti'd  lo  bo  double  that  nf  ai\j*fin  ; 
aeoordinj;  lo  the  above  law  then,  lliewperifle  gravity  of  8ulpliur'Va|>nnr 
nhoiild  ItC  mice  m  cnut  mt  tlmt  of  nxy^^n  paA  ;  but  the  direct  DXperi- 
mrntii  nf  Puniajs  and  MibM'herlieh  show  Umt  it  is  il  lime^  nx  ^reat.  It  is 
lint  of  the  <mc*tion  to  anpiuwe,  merely  for  this  rcjwon.  that  tbe  atomic 
weight  of  sulphur  in  (I  liiuofl  that  of  oxyi^cii,  vix.  4!*,  when  oxy^n  =  8  ; 
tbe  retultinj;  proportions  woabl  W  eontmrv  to  all  nnulogy.  On  this 
account,  DotwitWiuidtng  the  ^itt  density  at  uulphur  vapour,  the  atomic 
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TC-ight  of  Balphur  is  BttU  antrersally  adnntttetl  to  lio  (IoiiLIq  that  of 
oiyaen  :  but  in  order  1o  explain  this  dojuirtUrC  from  the  law,  il  la  asfiutued 
t'hy  tlje  axDi^r^atHS  of  that  law  thilt  exi-^jjUoiis  to  it  are  more  likely  to  occnr 
lio  vapours  tlmn  iu  the  mciro  |iOrinfLiteiit  gaseg,         tha,t  suiphur  in  the 
latato  of  a  lieavy  vapour  U  pi?rli;ips  in  a  peculiar  isomeric  coiniltion  {for 
Mhc  clianges  which  eaSpliur  umlcrgocs  wlicn  licated  efe  Amotftfiisni,)  and 
Tthat  if  ire  crnilfl  eonvcrt  it  into  vapour  TCitkout  brtnginj];  it  into  tLij 
[iiBcnlirtr  conilittDTi  hy  beating,  it  would  probably  yield  a  lighter  vapour. 
ITo  this  it  may  hti  replied  tlisit  tlie  dilftrenco  betweeo  vnpoiii-s  and  gases  ia 
|*ne  not  of  kind  but  only  of  de^rree,  nnd  the  law,  if  true,  must  be  equally 
■Applicable  to  both  ;  inoreover  that  if  the  pccnliar  iaoineric  conditioti  of 
ilphur  in  tbo  etato  of  vapour  he  admitted,  wo  may  expect  that  oiygen 
the  state  of  goA  will  be  iu  a,  Bimilar  isomeric  contlition,  and  will  there- 
are  yl«td  m  g&B  twice  m  much  coudeuacd  as  that  obtained  from  the 
iter  number nf  elcmoiilary  bodies.    In  short,  tijo  same  unknown  eaiisoa 
By  virtiJiP  of  which  1  volume  of  sulphur  vn^mnr  contains  It  times  and  1 
rolume  of  hydrochloric  acid  ^  only  half  as  luuny  utoma  as  1  volume  of 
bydrogen  ir&s,  nitrogen  giui,  &c.,  may  also  effect  that  1  volume  of  oxy^ii 
i  oontmne  twice  iis  oiauy  atoms. 

Tlioro  is  liu  compound  containing  but  iiiio  fttora  of  hydrogen,  nitro- 
1,  kc,  as  umaW  iis  that  adopted  hy  BRrzelius;  neither  does  any  known 
nniputind  contain  S,  5,  7.  &c.,  but  alwaye  2,  4^  &c.  of  EUL'h  atoms, 
[ThiH  luakcti  the  existence  of  snch  eumll  atoms  improhablo  and  their 
i]i1ion  superfluous  and  Iroubleaome.  Aecording  to  Berzeliua,  if  tho 
ioQiic  weight  of  oiyj^n  ^  8,  that  of  hydrog^en  inuKt  =  ^,  of  nitrogen 
7,  of  iodine  =  63,  of  brumiue  ^  30-2,  of  chlgriuo  =  17  7,  and  of 
luoriue  =  fl'37.  But  3!)'2  potassium  which  unite  with  S  oxygen,  also 
anite  with  2.  63  iodine,  2.30-2  bromine,  2,  I?  "  ciilorine,  ami  2.  8  37 
Hence  2  atoms  of  theei?  bodies  arc  required  to  replaee  J  atom 
■  oiygen  tn  combination  wi6b  potassium  :  or  2  atoms  of  these  bodies  ars 
hv  equivalent  of  1  atom  of  oxygen.  If  the  nioms  bo  supposed  twice  us 
it,  the  idea  of  sa  atom  will  coincide  with  that  of  an  equivalent,  and 
kll  confusion  will  be  avoided,  According  to  BefMliua's  view,  however, 
liese  terms  must  oftoit  bo  distinguished  one  from  the  other,  Theee  con- 
nderatione  havo  led  Berzelius  to  introdace  the  notion  of  dciibh  alrimf. 

double  atom  of  hydrogen,  nitrogen,  iodine,  bromine',  chlorine,  snd 
|uorin«  correeponda  in  bia  sysbem  to  a  single  atom  of  these  bodies  ii« 
are  considered  in  this  work. 

^or  the  reiiQons  favounible  to  Ber:eeljuB*s  view  founded  on  ihfi  specific 
seats  of  the  elementary  bodies,  see  the  chapter  on  Heat.] 

In  the  determination  of  atomic  weights,  the  following  principles  ar& 
Uglily  useful  as  guides  ; 

1.  Lot  it  bo  gmnted  that  heterogoneotis  substances  combine  in  the 
^mpti>si  possible  numerical  proportioos,  and  let  their  freights  be  deter- 

lioed  accord ingly.—T bus,  hydrogen  being  assumed  =^  I,  and  therefore 
Xygeu  =  8,  the  inoet  suitable  number  tliat  can  boglvCnto  sulphur  is  18: 
fir  1  At.  sulphur  will  then  combine  with  1  At.  hyilrogeu  to  form  snl- 
pburetteil  hydrogen,  with  1  At.  oiygCn  to  form  hypos ulpbu reus  add, 
'with  2  atoms  to  form  snlphnroUs,  and  wilt  3  to  form  snlphurio  acid,  Sc. 
If  the  atomic  weight  of  sulphur  were  made  =  48  accordini^  to  tho  *pocttifl 
ivily  of  its  vajiour,  then,  iuateud  of  the  preceding  relatione,  we  aiioulilf 
avf  1  At.  sulphur  combined  with  3  hydrogen,  and  1  At.  sulphur  with  3 
,  and  ft  oxygen. 

2.  Let  no  atomic  weights  be  admitted  Binnller  than  thoae  wfaioh 
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actuall?  oocur  in  corabinationB.  Tliw  {trinriplo  is  introiluced  vr'ilk 
cial  reU-t^nce  to  tlie  atoniit  wflij!;ht8  of  Lydrogeu,  nitrogen,  iodine,  bromine, 
clilui-ine,  ftud  fluorine,  odojitej  by  Borxijlius,  but  it  le  likewise  of  use  with 
rogonl  ta  pbosphorus,  nrsenic,  ami  nn timchny. 

3.  Aa  iL  gt'ueral  rule,  the  total  weight  of  the  atoms  composing  an  acid 
iniiBt  be  of  audi  aTiiouat  that  the  compound  atom  may  jiiHt  eitflice  for 
tbe  Huturntion  of  one  atom  of  n  Mali&able  hii&e. — Tlius,  IfS  Eul|.ilLur  und 
3.  S  oxygen  form  40  eulp'liuric  acid,  and  103  8  lead  witli  8  oxygen  form 
1]1"8  oxide  of  lead:  now  40  eiilphuric  acid  just  satisfy  111  .8  olide 
of  lead.  If  snljiliur^  on  actouut  of  the  specilic!  gravity  of  its  rapour^ 
were  uiado  =  48,  Llieae  48  partt^  of  3uliibur  witU  72  of  oxygon  vould 
form  12U  sulphuric  at-Id,  and  those  wouLd  saturate  3.1ir8  jmits,  thens- 
foro  3  atoiod'  of  oxide  of  lead.  To  tlaia  rulo  there  are,  laowevcTj  certain 
uiimistakahlo  exceptions,  which  rendvr  it  uecoseary  to  tuimit,  not  only 
vtWiobasic  acidfi,  1  atom  of  which  ^tiiratcs  1  atom  of  a  base,  hut  aieo 
bibaaie,  trlbaaic,  and  porliaps  oven  t^uartdboaii:  B-nd  quiotobiuiic  acids,  1 
iltom  of  which  sfttunvtee  2,  3,  or  more  atoms  uf  n  base. 

4.  When  a  metal  combiner  with  oxygen  in  ouo  prD[>ortiqn  only,  to 
form  a  BaliBiibiG  base,  it  is  ast^umed,  supposing  that  the  laws  of  laomor^ 
pbiani  do  not  oppose  tbo  asi^umption,  that  the  cuni]>aund  conluins  equal 
numbers  of  atoms  of  the  m«tal  and  of  oxygen. — Putush  contains  I  At. 
tM'jla«aium  combined  with  1  At.  oxygen:  yellow  oxtJe  of  le^d,  1  At. 
lead  with  1  At.  oxygen.  When  a  metal  forms  a  nuuiher  of  saUfiablv 
bases  with  difTcivnt  pFoportions  of  oxygen,  the  oxide  which  forms  the 
Itronge/^t  base  ie  to  bo  regarded  aa  contaiuing  tho  nielal  anJ  oxygen  in 
equal  numbers  of  atome.  The  protoxide  of  iron  is  a  stronger  bjiso  ihaa 
the  peroxide.  Now  since  in  the  former,  H  part«  of  oxygen  arc  combined 
with  i7'2  of  iron,  the  atomic  M-eight  of  iron,  on  the  suppoaitton  that  thia 
oxide  contains  equal  nnmbera  of  atoms  of  the  niotal  and  oxygen,  =  27 '2: 
in  tho  peroxide  2,  27  2  iron  are  combined  with  3  .  ^  oxygon,  or  2  At.  Iron 
with  3  At.  oxygen.  If  the  jmroxido  wore  fiupposed  to  contain  ih^uuI 
nainl>eiv  of  atotnu  of  iruQ  and  oxvgi^n,  the  atomit-  weight  of  iron  would 
be  18*1,  ami  the  protoxide  would  contain  3  At.  iron  with  2  At.  oxygen. 
Again,  the  red  oxide  of  mercury  is  a  sLronger  base  than  tho  grey  oxid*. 
In  tbo  red  oxide,  8  ]mrts  of  oxygen  are  coiuliiucd  with  101' 4  of  mereurr; 
ill  the  grev  oxide,  8  oxygen  with  202  8  mercury,  Aceonlinglv  t[te 
atomic  weight  of  mercury  must  be  estimated  at  101 '4,  tho  red  oxide 
containing  1  At.  mercury,  and  the  gr«y  oxido  2  At.  mercury  rombined 
with  I  At.  oxygen.  The  ooeo  is  precisely  similar  with  the  bfat'k  tind  n>(1 
osidea  of  copper,  excepting  that  the  Htumic  weight  of  copper  la  uf  dif. 
ferciit  amuunt,  riz.,  =  DI  S.  With  the  two  oxides  of  tin  the  ca«e  ia 
reversed,  the  lower  oxide  (51)  tin  +  8  oxygen)  being  the  Bt«\inger,  and  the 

'  biglicr  oxide  (jt)  tin  +  16  oxygen)  the  weaker  hxne. 

5.  It  is  BOj'posed  llimt  sab^taiicea  whirh  closely  rcscmhlo  one  auuther 
in  physical  and  chemical  properties,  combine  with  &  third  body,  ac?cording 
til  the  «ame  iiumbor  of  atoima.  If  nicknl  combinoa  with  oxvi^^ii  in  the 
pri>fM>rljon  of  1  : 1  and  2  :  3  At.,  thia  must  alHu  be  the  case  with  cobalt, 
whitdi  lipurii  so  very  closely  an  analogy  to  nickel. 

(!.  ItHimorjibiaui  (q.  v,)  is  of  tbo  grcutcet  iiii|<urtaiic«  In  tbo  determina- 
tion of  utuiiiic  coUiitltulion  and  Atomic  weights.  If  en  a  crystallised 
eoiniiound  uno  «iib«lhnco  can  ho  roplai:«d  by  anothor  analuifom  Kubslaiicv, 
without  nlleration  of  crystalline  form,  it  !•  to  bo  MppoMyJ  that  this  sub- 
•tiimion  lake*  place  acconllDg  to  equal  numbers  of  atoms.  If  then  thcni 
bo  two  coniponnd»  of  tho  snmo  cryntnllino  form,  and  contatDiug  in  all 
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(spocts  tlio  same  clpnienta,  nccor^ing-  tu  tiio  eumfi  outnbpra  of  ntoms, 
'St'f'litm;;  tlint  mo  cnubnm  llio  tiiib:>ta.ncr  A,  lliw  othct  llic  siiljstaiice  D, 
ml  (lierc  arL'  groiiiuld  for  ftu]i[n-.siiig  tliat  llic  foniitr  CDiilfiiua  1  At.  A,  nr 
At.  A,  iti;,;  ibtii  also  iiiuyt  it  Jieadmitteil  that  tlio  oilier  coTnpouiid  cou- 
AiDS  1  At,  B,  or  2  At.  B,  itc.  Tlicrw  Iteiiig  butwcie  t-ouipouiiJ  of  aliiintimin 
vd  Oiy^n,  viz.,  a! II Kiiiiii.  tins  compound  »ii';lLt  he  sitppoticd  to  contain  1 
It.  mrtni  +  1  At.  oxjffTL'ii  j  hut  aluitiiiii.i  cryfltalJizce  in  sapjiliire  in  acute 
rlmmlxi'hc'lrcme,  just  like  tboric  of  pcmxide  of  iron  In  tspocular  iron  ore  and 
^cf  arl.itioL[Llly  prcpareil  oxiile  of  cliru-iiiium.    Tlicso  Irust  iiiontioned  oxidea 
cunibined  wttb  siilpfiiirii-  aciclj  polasb,  auil  water  alau  form  regular  octobc- 
driMie,  just  as  aliimiiiii  dutis  in  comitiou  atuiu  :  all  tlu'se  ea-lta  contain  4  Ati 
ulphuric  acid,  I  Al.  potnidli,  and  21  At.  wal«r.    Alnmiiia  is  then  iaotnnr- 
pboiis  with  these  oxulc9,  siad  iiiiiet  tbercfure  be  iiDidci  up  of  the  sutnc 
number  of  atuin?.    Since  then,  according  to  Priiicijile  4,  pemxiiEc  of  iron 
is  auppgsed  to  contain  2  At.  metal  +  3  At.  oxygea,  tlie  same  maal  liks- 
prise  b»  the  wi^e  witK  alumina.    Now  100  parts  of  nluinioa  contiiin  53  ;il 
ftltimjuum  and  4fi*fil>  oxygen;  ainl  iti  GO  ;  =  '24  ;  27'4;  bencc  with 

24  (3  At.)  oxygen  tlipre  are  c'lmbined  27*4  (2  At.)  iduiiiiuum;  and  1  At, 
filu  mill  urn  =  13*7-  Ag.iiii,  perosirle  of  tin  in  tin-^tone  crystnllizea  in  ttie 
Sftine  form  as  oxide  of  titaniuni  in  rntilc;  and  since,  according  to  Prin- 
ciple- 4,  it  waA  assumed  as  probaMe  that  penixide  of  tin  contains  1  At, 
til)  with  2  At.  oxygon,  this  rol:ition  must  also  ije  BUpposeil  to  bold  pind 
with  reynni  to  iixidt'  cnf  titaniunt.  Black  osiilo  of  copper  fomia  com- 
pounds isomorj]bi>ii§  n-itb  tbe  analogous  compounds  of  mu<,mrsi»,  iixid'C-  -of 
zinc,  and  protoxide  «f  iro'ti,  all  of  wliicK  are  ^ii]iposed  to  contnin  1  At. 
metal  witb  1  At.  oxygen ;  sucb  then  muet  atso  be  the  caae  witli  the  blaclt 
oxide  of  copper,  a  conclusion  agreeing  with  that  arrived  at  in  4.  Further 
drvflopuieiit  of  these  telaliona  will  Le  found  under  tb«  head  of  Isobidv- 
I'h  ism. 

F«r  the  detcrniinatinu  of  the  atomic  weights  of  Btnipio  eubstancea  from 
their  specific  lieiita,  vid.  /fml. 

followijig  tabltf  wf  tlie  atomic  iveiglite  of  the  elementary  bodies  ia 
fi>unded  almoiit  whrilly  on  the  analyses  of  their  compounds  performed  by 
Berzetinsj  a  labour  m  dttliciilt  as  it  was  extensive,  by  which  Berzelias  has 
nferrod  aa  everlasting- obligation  en  cheniicnl  scioute, 
Colnran  A  contnins  the  nsiues  of  the  Gitnple  substancos;  B  the 
igSUKtU  inlroductd  by  Berzeliiia  to  denote  tliem;  C  and  11  the  atoniic 
iragllts,  those,  uamely,  which  most  probably  belong  to  tbe  several  bodies 
acoor^nB  to  the  principlea  just  dfvdoped  ;  coluntu  C,  in  w3iich  the  atomic 
weight  of  hydrogen  =  I  is  thiit  which  will  bo  itsod  iti  preference  in  this 
work;  in  I)  (iie  atomic  weight  of  oXy;,'cti  —  lUO.  The  coltinina  K  and  F 
conlniii  Ihc  ntotnic  weights  according  to  Berzolius ;  in  E  the  atomic  weiybt 
of  bydroR-en  ts  assuuiied  =  0'5,  that  of  a  donblo  atom  (»f  liydrogcm  =  1 ; 
in  F  the  atomic  weight  of  oxygen  is  put  100.  Tlio  numbers  of  this 
last  column  urc  lliOfC  which  are  adopted  hy  the  in,i.ioiity  of  chemists  after 
the  example  of  B^rieliuB.  Tbo  atomic  weigLtH  of  lanthanum  and  ecriiiin 
;ire  ^-ivoa  aiccording  to  the  approiimjito  deteruiinatioH  of  F.  J.  Otto. 
(Graham,  Leki'h.  1,  222.) 
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The  (iistrcpancjcs  Lelwwn  the  uumbt'rs  iu  C  D  ami  those  in  E  F  are 
esp!artiG(l  Ly  *be  follow  jn^  consideratidns.  In  C  D  it  is  su|]jjob(><I  thiit  the 
fttomic  wciijht  of  oxygen  ia  exactly  8  times  tliat  of  tydrojien,  while  in 
E  F  its  value  ifi  H"Ol  liuiea  (or  more  lurcuratoly  S*0083  times)  that  of  tlic 
dnulde  atom  of  hydrofi-cn;  also  in  CB  the  fmetlona  of  the  other  tmmbeis 
are  shurtt'Ded  aa  much  as  iiussihle.  In  E  F  tho  atomic  weights  of  hy- 
drogen, ioiEinc,  hrciiuine,  thlorine,  flnorino,  tind  nitrogen  nre,  for  reasons 
fibove  nienlinned,  redriccil  (>nc-half  In  C  D,  accorrIingt«Prinri|;de  2^  the 
atomic  vreightB  of  phosphuruSj  nreenic,  and  antimony  are  doubled;  accord- 
ing  t»  C  D,  the  plioaphoric,  arsenic,  and  antimonic  adds  contain  5  At. 
Xix^gen  for  every  atom  of  phosphurua  or  metal  j  accurdtnf;  to  EF  these 
ftcids  contain  2  At.  phosphinrna  or  niotal  for  every  5  At.  oxygen.  In  CD 
It  is  supposed  [hat  glucina  and  zircoiiia  contain  1  At.  glacinum  or  xirco- 
uinm  with  1  At.  oxy^'cn:  in  E  F  thpy  contain  2  At,  laeUil  to  3  At. 
oxygen.  In  C  D  it  is  assumed  that  silica  containa  1  At.  eilicinni,  cnni- 
liinetl  with  2  At.  oiygca ;  in  EF,  1  At.  metal  with  3  At.  oxygen.  Tli 
C  D  it  is  assumed,  as  waa  formerly  suppueed  by  HcrzeHua,  nocT  is  now 
rp^rded  by  him  as  admiesible,  that  oxide  of  wsmuth  contain*  3  At, 
Xygen  to  every  2  At.  metal:  in  E  F  it  ie  auppcised  to  contain  1  At. 
^n  -f-  1  At.  metal. 

)ti  comparing  with  one  another  the  numbers  iu  column  C,  we  obtUO 
Ihe  fuUowiiip  results. 

1.  The  atoisiJC  wpights  of  the  other  simple  substances  are  in  many 
instances  exact  inulti|)!ea  gf  that  of  hyilrogCD,  e-  {/■,  carl»o[i,  oiygeoj 
nilmgen,  tinl|j!nir,  seb'iiinm,  strontium,  molybdeuam,  &c.  Isit  tlieO  a  liiw 
of  natore,  as  Prout  and  Thimiaon  ^uppose^  Ibat  the  atomic  We],t;ht3  of  all 
the  elements  are  diTisiblc  by  that  of  hydrogen?  If  wo  can  entertain  tho 
notion  tliat  there  \s  but  one  primary  ponderable  matter,  we  must  Buppose 
Ibat  body  to  I*  hydrogen,  since  hydrogen  has  the  BmaUest  atoms;  and  it 
nmst  further  be  HUpjunsed  tbat  when  these  atoms  unite  in  different 
niimlKTB  in  such  a  manner  that  they  aro  not  ecparable  by  any  method 
yet  discovered,  they  prodnco  the  larger  aad  heavier  atoniB  of  the  other 
nudio?,  ^vhci'Se  atomic  wei^jbts  are  then  nceopsarily  diinHiblo  by  tbat  of 
'■lydrocen.  But  the  atomic  wcigiita  of  most  bodies  exhibit  deviations  from 
(hid  taw  of  saeh  magnitude  that  Berzeliua  reg'ards  the  occaeioual  uear 
dirieibility  iif  ihete  Mtdghti?  by  that  of  hydrogen  aa  merely  aecidentalj 
■"'deed,  aeeording  to  hiiti.  they  are  never  maclbt  divieiblej  ns  may  be  seen 
ty  iiiifpei'tion  of  culumna  E,  F.  Ncverticlcss  the  later  ejcpermionts  of 
"'uniafi  and  Stase  {Ann.  Chun.  rinjK  76,  1),  which  yive  the  atomic  weight 

f  carbon  exactly  ~  fi,  and  thoso  of  Liebig  and  Redtenbacher  (^Ann. 
harm,  ^H,  113),  which  nmke  it  =  6  08S,  show  that  the  q^oeation  ia  not 
yet  decided. 

2.  The  elements  may  be  afrftnged  in  groups,  the  niemberit  of  which 
exhibit  similar  physical  and  chemical  relations.    Whether,  as  Diibereiner 

lipposes  15,  301),  auch  groupa  neceaearily  conaist  of  3  elements 

rrange»l  in  a  triad,  is  a  question  which  we  ehull  not  undertake  to  de^ 
ide.  The  at-amic  weights  of  yuch  coritfiponding  elements  UBUuJIy  bear  a 
■mple  relation  to  each  other:  somctimea  they  arc  nearly  equal,  eomo- 
'mes  exa*-t  nmlliples  one  of  another^  or  at  all  events  increasing  in  eome 
imple  profHjrtion,  The  fLdlowing  are  feiniilar  io  one  auolher  and  have 
i?arJyequ.al  atomic  weights:  chromium  28'1,  manganeee  27 '5,  and  iron 
7'2;  coWlt  and  nickel  20*(J;  »inc  ■32-2,  copper  31-8j  platiuam 

IC7,  iridium  flw-T,  and  oymiiim  l)9-0.    Tho  atomic  weighU  of  oiygon^ 
T,  telenium,  tellurium,  and  antimony  are  %,  l(t,  40,  64,  129,  there- 
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foro  ua  1  : 2  :  fl  :  8  ;  IG,  The  nloiiiic  weights  of  flunrme,  clilorinp,  W- 
iriiiiCj  niul  iofliue  siro  IS*?,  ^'ri,  TH'J.  niKl  121!,  wliicli  nrc  nrcirlv  n* 
li  :  4  :  1>  ;  H.    Again,  lialf  ttic  sum  uT  llie  iitomii;  wuiglita  of  i-liloruie  :itiil 

igdinc  give*  nearly  tliat  of  bromine,    ^  ^  ^         =  KO'7,  and  wo  &tA 

that  hromine,  in  nil  its  physical  tuid  chcniifiil  relatione,  hohla  ihe  middle 
place  hotween  clilorliie  and  iodine.     The  atomic  wi>ighis  o(  lithium, 

G'4  +  39*2 

smliuui,  and  potaasiuni  are  Q'i,  23'2,  aad  3S"2;  and   =  2S'8; 

the  atomic  weight  of  podiiim  is  therefore  almost  ciwctly  the  loean  he- 
tnC'Cn  ttioso  "f  lithium  and  patassiimii,  jufti  as  ^odinin  iti  ulhor  respects 
lipMs  tho  iiiiJdlf?  pliicp  Ijulweud  litliiiiiii  mid  p(ptiL$.<iU;iiii.  Tlic  aluiul* 
wi>i^ht»  of  I1 1 0^11  cm  11  ui,  cilciiirii,  slroutiiiiii,  :uid  liariiiiii,  nre  12*7,  20'5, 
44,  and  QS'G ;  iliet-cforL-,  nearly  aa  ^  :  5  :  1 1  :  1?  ;  in  lliis  illstiincc  also 
liy  adding  the  utAmii:  weiglits  of  haritun  and  cnLleium,  and  dividing  hy 
2,  *o  ^fet  nearly  tlio  atoniiic  weiglit  f>f  strontium,  an  elcinent  which  in 
hII  ita  other  relations  is  intermediate  between  barinm  and  caloiuin; 

-- —  =  44'55.     The  iLtomic  weight  of  lanthautim  ie  nearly  3 

times  that  of  ma^npsium.  Tlie  atomic  weight?  of  siliciimi,  zirconium, 
nnd  thnrinni  arc  U  S,  22  4,  which  =  2:3:8  nearly.  Tb<m  ef  Lita- 
niiim,  niolyl>dcnuiTi,  tnnjcstcn,  and  tantuUum  are  24  o,  48,  25.  185  = 
1  ;  2  ;  4  :  8  nearly.  Th«  atoinir  weiylit  of  inaiigaBese  is  2/  6,  of  nrminm 
217,  which  =  1:8  nfitrly.  Thai  of  i-bnuiiiui])  is  28'1,  of  vanadium  68  6, 
nearly  =2:5.  Tliat  of  jihonphorus  31  4  +  that  of  arspnic  75  2  gives 
lOG'O,  nearly  that  of  bismulli  IOG'4.  That  of  paHadimii  is  .j3'4,  ef  silver 
JOfi'].  nenrly  =  1:2.  Even  if  some  of  these  relations  «hoidd  bo  aeci- 
dcntal,  and  disappear  when  ihe  ntunne  weights  are  determined  wiih 
great^T  predaion,  it  may,  on  the  otLer  hand,  he  cxpi'cled  that  the  grettlcr 
nunilK?r  of  them  will,  in  eucli  case,  come  out  with  matheiiiatieal  exacl- 

tlCS8. 


Relations  dbtwbkn  the  Atomic  WEronrs  of  Simple  Substakcb 
Ava  THEIR  Specific  Gha%-itif.b. 

The  zrenter  the  nnnd>er  nf  ntomR  of  n  ho'ily  in  ti  ^;i\'en  epare.  nnd  lln"' 
grnalur  the  weight  nf  tlmac  ali.ins.  the  Ki'<'ltn'  inujit  hr>  llie  !4|n'cifir  f^rkvily 
of  the  hody ;  hcm^  llie  Bjwcirif  gravity  is  i  ho  pmdnrt  of  tlif  atoniii* 
numltor  and  ilio  atomic  weiplit;  and  tlm  pporilir  ^'mvily  divided  by  tlic 
atomic  w<^ight  gives  (bo  .'I  (wiic  tinnr>fri\  tbiit  is  (o  say,  f/tr  numt-v  o/'ntemt 
in  a  givfH  voiumr,  W  iUi  bodtea  which  cfmCtdu  ei|"unl  ntindwrN  of  atom* 
in  «iiial  voltuiiefi,  the  Bp«;iKc  gravity  mu&l  vary  aa  the  atoniir  tt■^•ight. 

1.  In  hlasiic  Fluid*. 

The  atomio  weig^ttt  of  eliwstie  fluids,  wliclKer  permanent 
vapoiira,  I^ears  a  siruple  relation  tu  their  eiK.'cifi«  crnvitv,  that  of  air  =  I,, 
and  prewiiire  nnd  (empeniture  Iwinp  i-r>n«(:iiit,  Tlio  following  table  con- 
tniiM  m  niliiinn  A  tlio  names  of  rertain  (.dements,  in  B  thi'ir  ntoniic 
weiehl*,  in  C  tfio  fljK'cilir  gravltie*  of  their  tpwfj!,  in  l>  lUicir  ntnniiff 
nuin'nTH  ohinined  hy  divtdim;  (lie  jp,  gr.  by  the  ntoiuie  n-ciubl;  K  give# 
Hhj  r\.liieed  atomir  nninher  idtlaiiied  xiti  llir  niippo^ilioii  llmi  I  volume 
liydr.>;:pii  pns  (.■wntniiK.  1  iiloni  «f  byilrft;f.'n,  the  niinil*r>.  in  tbin  euliiiiitl 
Wing  the  iiuwlicnln  obininni  hy  dividing  the  scvrml  Duniberii  in  oulitmn  l> 
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fhj  tbe  iitoTiiio  tmml>er  of  liydi'og'>a  =  0  0693.    The  last  colnnin  F  give* 
tlie  sperific  jjraviticH  n(  tlin  pases,  that  of  byilro^jen  =  1,  by  wlitch  tbtJ 
fsiiujilc  relation  between  tile  6])Gcilic  yrarity  aad  the  atomic  weiylifc  be- 
.coiiic^  uliM  nmrfi  apparout, 


Bulphnr  

Phosphurua ...... 

Ancnic   

Oiygtn    < .  ....  . . 

Hyilrugen    ..  .. .. 

ludiuc  

BruEnine  . .  ...... 

CliLijj'ine  

Nitrugen  

Mefcary  


B 

Atomic 
DteigHt. 


Hi 
75-2 

H 

1 

35-4 
14 
101-4 


Sp.  gr. 
Air^  1. 


lo-ctmo 

2-451.1 

6-s;ijo 


Atomic 
numlhcr, 


0  1312 

0' II 709 
0  0(i»3 

0-06BS 


E 

R«iluced 

Atomic 


F 

Sp.  pr. 
Hyilrogen 
gas  —  1. 


G2'8 
100-4 
111 
1 

120 
7S-4 

■.\b-i 
1 1 
lllli 


According'  to  tliis  lablo  cIcmcntiiTy  bn-diea  iu  tbe  giveeouH  atatc  eoTitaln 
I  in  n  ^Ivcd  volume  citlicr  1  .  j-  or  2  ,    or  G  .  J  iituma.    Kcuoc  ihoy  may 
bo  fliviflevl  into  tlie  follo-n'iii;;  dnesca. 

a.  iltxaiOTtiie  ijns.  Sulphur. 

b.  /JiaUmilc  yusee.    riio3|ih«mSj  arsenic,  osygen. 
r.  Monatvmie  ffusfn,    HydrogeUj  iudino,  bvuniinej  ditoritio,  nitrogen, 

mercury. 

In  coiiipounU  alasiic  fluids  we  s.ho  meot  with  \,     ^,  and  ^atomic 

Wb«u  a  bfldy  tkasuiiics  the  gaseous  state,  its  atoms  become  sarrouudctl 
with  beat-Epiicres,  who^o  voliituci  uro  us  1  (iu  the  6-atoLiiic  ^iises);  3  {in 
ihe  2-at»uiie  givse^};  S  (in  the  1-atoniic  gitsca);  9  (in  lliu  I'&tuiiiie  gii8ue)j 
12  (in  tlic  ^-atotuic  ^^usea);  IU  (iu  the  ^-ntoiuic  gawes);  24  (in  tho  |-aton]ii; 
gases.  Heneo  the  uingoitude  of  the  ga&-sphcreis  iaereii.'jca  in.  the  simple 
proportion  of  1  :  3  :  G  :  i)  :  1'2  \  18  :  2i.  The  SEiiaUur  tbe  gFis^epbereti  of 
noy  substance,  tho  greater  will  be  the  number  of  them  coataineil  in  ;i 
i'iveji  space,  s.  y.,  of  the  gHS-spheres  of  sulphur  Q  times  as  many  as  of  the 
^'as-ephoros  of  bydrogen,  wJiicb  are  G  times  Wge-  The  chu^^b  of  the 
dilfert^nt  iiia^^oitude  of  thr;  caloriiic  envelopes  in  diil'crcut  aiibcituDcoa  itt 
nut  known. 

The  liiat  tulumn  of  the  tabic,  in  which  the  ap.  gr.  of  hydrogen  =  1, 
eliwws  that  in  all  ni4ji]al<jiiiic  gaecs  the  specific  gravity  and  atoitiic  weight 
ciiincido,  bccaunQ  the  sp.  gr,  of  liydrogen  whii;]i  lw>fmij[;3  to  ihia  class  is 
turned  =  1;  also  that  the  sp.  gr.  of  tho  2-atomic  gases  is  twice,  and 
that  of  the  G-atomic  yasea  G  times  ae  great  a*  tbe  ftloinic  weight. 

In  order  to  Taring  (ogctlier  two  gascoua  bodicu  in  C')nal  niinibcrs  of 
ntoma,  equal  volumes  of  the  gufies  niuat  be  taken  if  the  giises  belong  U> 
tho  same  c;1:l«s;  but  if  oiie  of  tbein  tontaiua  more  atoms  than  the  other  in 
tho  aame  volume,  then  a  larger  volomo  of  the  latter  amat  be  taken  than 
of  the  former;  e.ff.,  equal  nieafturca  of  liydrogen  and  chlorine  gJiftcH 
IwcsHSB  both  arc  omnatomic:  on  the  (■ontnvry,  21  meaaurcsof  liydrogeii  ami 
1  (if  oxygen,  Wause  ihe  fii  st  is  niouat'jimir.  nml  the  ai'i>oud  J-ainmic;  aiiin- 
Inrlv,  G  mea^urt'S  of  liydrifi^en  gna  and  I  of  Bulphur-vapour,  beciiuae  tbe 
fjnlicriB.  moualomic  ajid  thu  latter  U-ituniic:,  lki\  So;.    If  it  iverc  ru^niR-d 
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Ui  mix  1  atom  one  pas  *Uh  2,  3,  4,  or  a  greater  numbsT  of  Atoms  of 
tho  other,  or  2  witH  3,  theii  in  tte  ca*e  cl"  j*aa&s  of  tho  flaroo  date,  it 
wfyuld  bo  neccesarj  lo  mix  tlicm  in  tlie  eorrespoiKling  pro|>ortions  by 
Yulumo  of  I  :  2,  3^  4  .  .  .  . ,  or  2  :  3  as  tbe  coflo  might  be:  if  the  naat 
■wi-rt'  of  Jiflercnt  claasea,  the  volume  of  thai  gaa  which  contnineit  tlio 
smaller  nimiber  of  atoms  ttouM  rci|uire  to  be  miiltipllpJ  by  a  corrcspomJ. 
in^'  factor.  Thus  I  At.  sulphur  -|-  2  At,  oxygen  form  Hutphuroiia  Ficid; 
but  since  salpbur-vnjiour  containa  3  timea  as  manj  atomB  aa  usygcn  ga», 

1  volume  of  siilphtir-vaptiur  will  rei^iiiro  3  .  2  =  G  volumes  flf  oivgcn  ea«. 
It  appears  from  tliis  that  all  oorabinationa  of  gasoous  bodies  tnko  place 
according  to  simple  proportioos  hy  volume;  tho  projiortiona  actually  nb- 
BiifTod  are  ns  follows:  1:1,  1:2,  1:3,  1  ;  ^  (nitrogen  and  hydnjpon  in 
ammonia);  i  :  6^  1  :  9  {sulphur  vapour  and  oxygon  gas  in  sulpliuric  ncid); 

2  :  3  (Qilrogen  anct  oiygcu  in  nitrous  acid);  2  :  5  (Lilrogon  ami  osyf^cn  iti 
nitric  acid);  2  :  7  (fhlorlnc  and  oxypuu  in  liypcrLbloric  acid);  and  3  :  4 
(oxyj^n  and  nitric  oxide  gu^aea  to  form  nitric  acid).  Tho  \:iwis  uut  here 
spcinfied        be  found  io  tho  table,  ifajw  C7. 

Almost  all  bodies  may  bo  bruujirlit  into  the  gasoons  state  by  otcvation 
of  tmpcraturt:,  atjd  tbero  can  bo  no  di>ubt  that  thu;9G  in  '^bicb  (Lis  change 
has  not  yet  been  efferted,  merely  reouiro  a  biglicr  tcmporature  than  we 
have  yet  been  ablri  to  produce, — ana  that  tbeeo  more  refractory  bodies 
woald,  wbea  in  tlie  gaseuu!^  state,  exhibit  tho  same  eimple  rolatiouH  of 
epeiiific  ^rarity  witd  atomic  weight  as  the  more  volatile.  Hcdcq  we  aro 
aide  to  form  a.  prob&ble  estimate  of  tho  sfMjeific  gr«vity  wbEch  would  be^ 
long  in  the  giwcotis  state,  even  to  those  botliGB  which  either  bu-ve  not  Iwn 
hrougbt  into  that  state  nt  aii,  or  refjuire  eo  high  a  tcinpontturo  to  snMiino 
them  as  to  tender  it  imposaibla  to  dotermino  the  epocific  gravity  of  Iheir 
vnpotifa.  For  example,  carbonic  oiiilo  consists  ■rif  0  parta  (1  At.)  of 
L-itrbuti  and  8  part^  (1  At,)  of  oiygen;  carbonic  acid  of  G  parts  of  carlwn 
and  in  pftrta  (2  At.)  of  oxygen.  If  now  we  assume,  as  is  most  probable, 
(hut  curbwu  vapour  like  hydrogen  gas  belongs  to  the  class  of  mouatomic 
gafl<'?',iind  accord  tnf^ly  that  carbonic  f>xide  gas  contains  2  meaflurec,  aad  car- 
Iwinic  acui  1  niPttSTirfl  of  carbon  vapour  combined  with  1  measure  of  oxygen 
gas,  then  the  sp.  gr.  of  oxygen  gaa  will  be  to  that  of  curbun  va]iour  = 
1  fl  ;  8  =  riOEtS  :  0'4]6;  that  is  to  Say, — if  at  a  temperature  and  prei*siir« 
at  which  carbon  can  csiat  in  a  etato  of  vapour,  I  vol.  of  air  weighs  1  -ODW, 
then  at  the  same  temperature  and  pressure,  1  vol.  of  &iygeti  gis  will 
weigh  1-I0il3,  and  1  vol.  of  earhon  vapour  O'llfi.  !f  on  the  other  Imiid 
■w(>  Rup|>ose  that  rurbon  vapour  i»  like  oxygen,  n  2-atumic  gas,  then  car- 
lionie  oxide,  which  contains  equal  numbers  of  atoms  of  the  two  boilies. 
mijjit  ahto  contain  ei^unl  volumus,  and  in  carbonic  acid  there  will  lie  i 
vol,  of  oxygen  coiribiricd  with  I  vol.  of  carbon  vap^iur;  on  (hifi  lij'po^thofli* 
we  have,  sp,  gr,  of  oxygru  gna  :  Bp,  gr.  of  carbon  vapour  =8:8  = 
Mt)y3  : 0-832. 

9.    in  Holit/i  and  Lupiidi. 

In  tlioK  ptaln  of  matter,  einiple  relations  b«tweeD  speolfie  gmvl^, 
and  atomic  w«igbt  on  for  many  roaaonji  lena  froijnent. — The  laigar  lla 
atom*  of  a  body,  the  fewer  of  them  will  ihore  be  required  to  fill  a  giren 
uule»  tlio  intervats  arc  dimini^liod  in  the  i^aino  jimportion.  DIf* 
fcn-iiw?  of  oohc^iwn  prwluce*  dilTcfciit  dc^rce^^  of  approsiitiatiou  in  [lia 
a((iniJ>,  and  tht-rfby  mu-^'f  th«  iTiii^'tiitude  of  tlu'  interrnU  (o  vary. 
Miir<.'iivrr,  lie  int«rt»].«  may  vary  in  width  in  (be  n\.ma  "ubr'ttince  i  tha^, 
a  niuUU  covlod  aftvr  moiling  te  li^bter  ikiu  the  uuiiu  mvloil  after  it  hu 
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been  hammend.  Finally,  one  body  expands  more  hy  beat  tban  another. 
All  tfaese  disturbing  causes,  irhich  prevent  the  existence  of  any  exact 
relation  between  atomic  weight  and  specific  gravity,  are  absent  in  gaseous 
bodies:  in  these  the  size  of  the  atoms  is  so  small  in  comparlaoa  with  that 
of  the  heat-spherea  that  it  need  not  be  taken  into  considerationj  more- 
over, cohesion  is  in  gases  completely  overcome,  and  they  all  expand 
equaJIy  with  e^nal  increments  of  beat. 

The  following  table  is  arranged  in  the  same  manner  as  the  last — 
Column  A:  the  simple  substance  taken  in  order  according  as  their  atomic 
numbers  for  the  same  volume  diminish.  Colnmn  B :  their  atomic  weights. 
Column  C:  their  specific  gravities  in  the  liquid  or  solid  state,  that  of 
water  —  1*000;  in  the  case  of  the  metals  the  sp.  gr.  are  thoee  which  they 
poMess  after  fusion  and  solidification,  not  after  hammering.  Column  D: 
the  quotient  obtuned  by  dividing  the  specific  gravity  by  the  atomic 
weight,  that  is  to  say,  the  atomic  number.  Column  E:  the  quotients  in 
eolamn  D  multiplied  by  770  (air  being  770  times  lighter  than  water)  in 
order  to  render  the  atomic  numbers  cd  this  table  comparable  with  those 
nf  the  former,  in  which  the  sp.  gr.  of  air  was  assumed  =  1*000.  Co- 
lumn F:  the  atomic  nnmbers  of  column  E  divided  by  0*0693;  the  column 
F  of  the  present  table  is  thus  mode  to  harmonize  with  column  E  of  the 
preceding:  it  gives  the  number  of  atoms  of  a  liquid  or  solid  body  con- 
tained in  a  space  which  would  include  1  atom  of  hydrogen.  Column 
G:  the  numbers  taken  from  column  F  of  the  former  table,  and  giving 
the  reduced  atomic  number  of  a  body  in  the  gaseous  state,  1  volume  of 
hydrogen  gas  being  supposed  to  contoin  1  atom  of  hydrogen. 


A 

B 

C 

D 

E 

F 

G 

Atomic  Number. 

Atomic 

Spedflc 

In  tlte 

weight. 

graritj. 

Waters  1. 

Air=-1. 

Reduced. 

goseoui 

state. 

6 

3-5000 

0-9833 

449-141 

6481 

1? 

29-6 

8-6370 

0-2918 

224-686 

3242 

HUUpUMM  .... 

27-6 

8-0000 

0-2898 

223  146 

3220 

29-6 

8*5384 

0-2885 

222145 

3205 

27.2 

7-8439 

0-2883 

221*991 

3203 

31-8 

8-7210 

0-2742 

211-134 

3046 

98-7 

21-5000 

0-2178 

167*706 

2420 

24-5 

5-2800 

0-2155 

165-935 

2394 

35-4 

11-5000 

0-2153 

165-781 

2392 

52-1 

11-2000 

0-8149 

165-473 

2388 

32-2 

6-9154 

0-2148 

165-396 

2386 

Chromhun  .... 

28-1 

5-9000 

0-2100 

lCl-700 

2333 

98-7 

18-6300 

0*1887 

145-299 

2096 

95*0 

17-4000 

0-1831 

140*987 

2034 

Ifo^bdnam 

48 

8-6000 

0-1792 

137*984 

1991 

55-8 

8-6355 

0-1547 

119-119 

1719 

101-4 

13-5590 

0-1337 

102-949 

1485 

1 

16 

2-0000 

0-1250 

96-250 

1388 

6 

59 

7-2900 

0-1236 

95-172 

1373 

103-8 

11-3889 

0-1097 

84-469 

1218 

40 

4-3100 

0-1077 

82-929 

1196 

»9*6 

10-0000 

0-1004 

77*308 

1116 

Tellariwn  .... 

6*2580 

0*0978 

75-306 

1088 

108*1 

10-4280 

0*0964 

74-218 

1071 

199 

19*2000 

0*0961 

73-997 

1068 

56 


AFFINITV. 


Bismuth  ....  .. 

Arsinijc   

l'tios|ihorua  . .  . . 
Aniimciuy  ..  . . 
Sodium    .  4 . .  11. 

UrkiLmni  

Iodine  

Brdtnifie  

ClilariDfi  

PutsHium  . .  . . 


Atomic 
weight. 

c 

Speci£c 

D 

E  P 
.Mamie  Number, 

G 

Water  =  1 . 

Aij  —  I. 

In  the 
»taie. 

ioi;-4 

0-0022 

70-994 

1021 

rw 

s-a&9ii 

O-075I2 

G0-y81 

880 

2 

O-0S57 

42-RB9 

(119 

2 

129 

6?1H0 

57fi 

2i-2 

0-0419 

:I2'263 

466 

217 

9110(10 

31-956 

461 

126 

30-361 

1 

J8'-l 

O'O.IHO 

29-20(1 

422 

1 

35--1 

I  ■  3:1:1:1 

1 

39-2 

0-8650 

0-022] 

n-oir 

243 

By  pxaiiiiiiing  tliis  table  we  arrive  at  tlio  following  results  ;— 
I,  E<|Mal  voliimos  of  iliffetciit  lii|iiiil  nnJ  s«liJ  lioilics  cootKin  very 
ilifTereiit  iiunil»ors  of  atpiiis.  If  1  cubic  iucb  tif  byJrwgen  gas  coDtaias  1  .  * 
At.  Iiyjro^on,  tlicn  I  cuh.  in.  pnt^.^^mm  ecvtiCikina  245  .  j' At,  potos^iuio,  audi 
I  cub.  in.  iltainunil  6481  .  j:  At.  cnj-bou,  Of  all  liijiiiiliiDdsuliii  bodies  putu* 
eitim  hits  tlio  mallfist  and  carbon  the  j^reategt  (27  Limes  ae  great)  :i(uHtifl 
uiimber.  TLiii  great  Jivcrsity  iu  tbe  atomic  niioib«rs  iicrliapA  to  be  ex- 
plained ;  (a)  from  difference  of  iiiagnilinlc  111  tlio  atoms  tlieiiiselves, — Tlio 
groatcr  the  wei^Iit,  and  therefuvro  alao  tlitj  magnitude  of  tim  iitoins,  tio 
eiii:d)cr  must  he  the  ntiinb«r  of  tlicm  whlcb  at  equ>i1  intcrviilii  cjiu  be  (lla}><i»e(l 
in  R  j'ivpn  .-^inico.  Tliia  is  pLTlinps  one  of  the  raiiaca  why  nmiiium  wbich 
lias  60  lar^^e  mi  utoinio  wciglit  ebould  liiivc  so  yiniill  au  atomic  number ; 
wiiy  aodlnni,  wluise  atomic  weight  is  not  umcii  nii)ro  timu  balf  ibat  of 
putuseliEiii.  bii»  nn  iitoniic  nuinbor  nonrly  twir»  as  great.  Tbc  uteat 
utomic  number  of  carbon  may  likcwigp  partly  nrUc.  from  tlio  stuallnct^;  of 
its,  rttimis.  (h.)  Frcui  differetice  in  i\w  force  of  Littnulton  (Coh-psiou) 
botwern  th*^  atoiiia. — The  hardest  of  all  eiihiitaiice*,  (bf  diamond,  ia  iire- 
ci^rly  that  wblcb  contiiint<  tbfl  greatest  tiiuuIxT  of  atouie  in  a.  givun 
riihimo  :  uitlii^r  then  iln-  groat  cohcslou  is  tlio  conscijuoiice  uf  ihu  close 
jipproiiniiition  of  it^  ntoins^  or  tliiy  clu^o  appro icl  111  ntioa  a  conwquenoe 
of  thi-ir  jTpeat  cobcsion  ;  or  j-^ossibly.  the  slrotij;  attrtttticm  of  the  purtielei 
'or  one  aootber,  together  with  the  close  approxiriiatioii  thereby  prodiicod, 
may  bo  the  cause  of  tbo  gnml  tenqcily  nml  hardiii^ss  of  the  diamond. 
The  otlii-r  bodies  likpwi&o  follow  nearly  jn  the  order  of  their  cohesion, 
and  the  soft  metal  |ii>lfts»iiim  lonninat^s  lh^>  series,  (c)  From  the  dif- 
ferent alliiutici  uf  the  atoms  for  boat.— Th*?  stron^or  tiuB  allinity,  the 
gri'utof  »*-ill  be  tlio  uuantity  of  hiWkt  coIEE>ctcd  in  tbf  portw,  and  tlio  in»ra 
widely  therefore  will  tlio  atoms  he  Icppt  u^itiiidvr.  A  gretittT  itttmction 
for  heat  implies  also  a  ^^reatcr  inclitiiition  lu  ofr^nmo  tlio  ki^phub  stale. 
Acr>or«lin^'ly,  thr  Icsa  volatile  l.fulie",  lIio«e  namely  wliicL  have  thu 
■inaUe»t  itttrnetion  for  boat,  such  ns  carbon  nad  (bo  inoro  refmotory 
Blfftiilii,  exiubil  Irirgcr  ntomio  nmnbi-rs  than  sulphur,  ^ol^'niimii,  phoapho- 
riH,  iodine,  brciiniuc.  rMorinc,  and  the  vnlalilc  moliiU.  The  only  eioep- 
tiorifl  to  lliiK  rule  arc  zinc  and  ihn'  very  refrnetorv  motaU,  uranium,  gotcl, 
eilviT,  nnd  n«miimi.  In  n.  wimiliir  uiiimser,  as  wilt  af^'rwanls  be  «|iown 
(vid.  //ct'J,  tho  "pivifir  hou.t  of  Ihidion  in  ^TiMter,  f  Hci  it  pmUnif,  in  pro- 
poriiuD  aa  tlicy  Uavo  fcwflr  atoni  i  in  a  (-iren  space  and  thvrofure  groatw 
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I  iDtOTTals  between  thoni.  Lastly,  the  exceptiona  just  notic^ed  and  others 
I^B.txo  show  tliat  tlic  three  cau:^et<  licro  consideri^d,  vik.,  tlw  ^]ze  oT  the  n^toins, 
IV  Uieir  cuhcsiorij  anil  their  attraction  for  heat,  u-re  not  the  only  ones  hy 
'      winch  the  fltomic  oumbera  are  affected. 

2.  Many  olem«nts  pogsc»sod  of  aimilnr  properties  liave  their  atomic 
^^oumbera  nearly  equal ;  e.  g.,  nicliel,  inan^'ane&e,  eolmlt,  nnd  iron  (of 
PV^whieh  tljat  of  tlie  diamond  is  donble);  platiiiuin,  piilladiiim,  and  rhodiiiiri; 

titiLiiium  and  cLromium;  tuag&tOR  and  molybdenum;  silver  and  ^old,' 
{tljo^pbcirus  and  antimony  ^  iodine,  brtimine,  and  cbluiiuo.  The  rttoniio 
^HJiunabvrs  of  some  substauecs  are  also  simple  niultiplea  of  otbera  of  dmilar 
^^Diiturci  that  of  copper  is  nearly  double  that  of  uiercury;  that  of  aiot; 
■louble  thiit  of  lead;  of  arsenic  1^  times  tliat  of  antimony;  of  sadium 
nearly  twictj  that  of  |<otiLBsiiiin. 

3.  On  comparing  the  atomic  numbers  of  one  and  the  ^nmo  snbtstauce 
ID  itsgaKoous  (column  G)  and  in  it«  liquid  or  solid  stato  (column  F),  wo 
'ave  the  following  reswlta; — A  space  which  cuntaius  1  At.  chluriiie  in 
the  )^'aseo^l3  state  will  hold  418  aJoroa  o£  liquid  clilorinej  bcticc  cliluriiiu 
in  passiug  from  the  liquid  to  tlie  ^^eoHft;  etitte  at  a  tenipcmture  O''  C,  and 
a  pttssiirc  ai  0'76  "letrea  (=  30  inctica)  is  expanded  to  41S  times  its 
volume.  In  the  cat^e  of  bromine  the  expansion  amounts  to  422  tiioca,  of 
iodine  437,  of  phosplionis  309,  of  arsenic-  4'10.  ot'sulptiiir  231,  of  mercury 
HS5,  and  of  carbon  (if  its  vapour  bo  refijitrdod  as  a  monfitomic  yns)  tu 
CI81  times  its  volutn**.  The  great  differences  between  theae  uumbera 
*liuw  the  utter  groundleaanesa  of  the  law  which  Persoz  [Chhii.  Molec. 
S54)  thoui^ht  be  had  discovered,  vi^.,  th:tt  all  siibfitanccs  both  jjimplo 
and  compound,  in  pa^.'jiug  from  the  gaseous  to  the  lltjuid  or  i^olid  ^.tate, 
undergo  ihc  pame  amount  of  condensation.  The  t^pccific  gravities  cjlIcu- 
latcd  according  to  tlits  law  appear  to  eoiiicido  witli  the  rej^ults  of  obinflr- 
rntion.  only  because  Pereoz  regarded  tlie  vapoure  of  »iilphur  and  phoe- 
phoriiB  iiH  monatomic  ^^aees,  and  supposed  that  the  ap.  gr.  of  suJjihur 
determined  by  experiment  wiib  not  2  but  1"8,  takiirg  also  for  that  of 
artteuic  tbo  totttlly  incorrect  number  S  3  determine*!  by  Bergman,  and 
Iong^6iuc«  rectified  by  Lavoisier,  Guibourt,  Kar?ten,  and  Herspath, 

4.  Since  liiiuid  iind  solid  liodios  rarely  contain  equal  numbers  of 
atoms  in  equal  volumes,  they  exhibit  no  tendeucy  to  combine  in  thoee 
simple  proportiouH  by  volume  which  invariably  hold  good  in  tbo  combi- 
nation of  L'iLses.  If,  for  example,  we  would  combine  1  eub.  in.  of  eulpbiir 
with  1  eub.  in.  of  lead,  we  should  have  to  bring  together  13HB  .  sc  At. 
Bulphur  and  1218. At,  lead,  and  since  tliose  bodtca  combine  in  equal 
Eumbers  of  atoms  there  would  remain  170.^  At.  sulphur  nueonibined. 
Thy  dilTorenccs  of  the  atomic  uunihers  t»  the  table  ate  such  that  even  hy 
multiplying  ihe  volume  of  a  body  by  l-J,  \\,  2,  2^,  3,  4,  uo  exact 
rtdations  wouM  result.  If,  nioreovefr  it  he  considered  that  the  same 
metal  accordinjr  ha  its  drnsity  baa  or  has  not  been  increatiod  by  buniiner- 
ing  tnnst  have  a  different  atomie  number,  uud  a^in  that  ilifferent  eub- 
^lancea  whcti  heated  LME]iaiid  in  varioiis  degrees,  ao  that  a  proportion  by 
volume  correctly  detennincfl  at  one  teniperatare  would  be  incorrect  at 
every  other,  it  will  be  evident  that  the  endeavours  of  Mciuecke  {Vhrnii«- 
thc  Mtishtn^t)  and  of  Frere  do  Moiitiaon  i^Anv.  C'Aim.  I'kjfs.  7.  T,)  to 
discover  niniple  Telationa  by  vohniic  in  tlic  combinntiona  of  liquid  and 
iiotid  bodies  niUHl  uecesaarily  have  led  to  no  re*.tjlt  wliatcvcr. 

The  ao-e-(dled  Atomic,  volmrtc.  It  ia  inconeit tout  with  the  atomic  tlioory 
to  suppose  that  the  t-paco  which  a  body  oecupieei  is  conipktely  filled 
by  it.    For  th\i  laws  of  gravitation  ubligQ  ua  1o  uasigii  the  tamo  siwciJli; 
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grttvity  to  the  atome  of  diflerest  subatancce,  aad  coDseqae'ntlT  to  tmp- 
t^me  tnat  tho  diffiirent  weighU  of  tbese  atoina  are  duo  to  differencB  of 
nub^itude;  e.  g.,  that  an  atom  of  double  weight  mnai  tibo  \>c  uf  double 
Tulume.    It  folio wa  frum  tliiij  thiLt  the  spcc'itic  gravities  of  dilfefviit  piih- 
staDces  must  depoud  upon  Lbo  iiingnitqdc  of  fbe  spaces  cxit^tin^  bi'tween 
their  atoms.    These  ^tuns  must  be  regardotl  sa  iui]fonetrablo  snd  of 
uunlhira.)i]e  vtilume,  and  tbe  ex]iansiun  of  %  bodr  I'j  befit  or  by  dimi- 
nution of  external  pressure,      well  as  its  contraction  hy  cooling  or  ia- 
oreaao  of  prea^ure,  a?  procoediog  from  nn  enlnrgvmont  or  ditninutinn  of 
the  intcrrening  spnccs,    in  opposition  to  this  view,  wbieh  followa  nlmnst 
of  necessity  from  tbo  hypntbesix  of  iitoinB,  La  Royor  and  Dumad  (J.  Phyt. 
92,  40!))  and  more  lately  GnihaTii  and  Kopp,  conceive  that  the  sjinea 
which  n.  body  otcupicj^  is  wjin('lctclv  fifled  by  n,toius  without  any  inter- 
vening spaces.    According  to  tbts  bypotbeBis,  (bo  specific  gravity  of  a 
body  itiniUiplicd  by  tbe  Tolume  of  its  fl-toms,  mnst  give  tbe  atomic  weight 
(for  the  greater  tbe  sp.  gr.  of  any  subgtance  and  tbefefore — according  to 
thia  Ticw — of  its  atoms,  ami  tbe  greater  tlicir  volume,  tbe  irreater  also  inq^t 
be  their  we%ht).    Conversply,  when  the  atomic  woigbt  and  specifie 
grarity  arc  known,  the  volume  of  th^  atoms  will  l>e  found  hy  dividing  the 
first  hy  tho  second.    Tims  the  atomic  weijrbt  of  earbon  =  ft  divideil  by 
the  Bpeeific  gravity  of  tho  dianioTid  =  3-.^  will  give  the  utomic  vnlnnie  of 
carbon  ~  1'714  ;  and  the  atomic  iveifrht  of  potufisiuia  =  ai)  2  diviih-d 
by  its  8p.  trr.  =  0'865  gives  ita  atouiie  volmne  =  45-^2.    If  now  theae 
niiinher^*  be  compared  with  the  atomic  nnniber^  of  t^arbon  and  potoasiata 
in  eolomn  D,  it  willl  bo  found  that  the  eo-callcd  atomic  volume  in  exactly 
the  reciprocal  of  the  atomic  number;   for  1714  .  O-fifiSa      1,  and 
45-92.  =  1.    (It  ie  scarcely  necei^ary  to  oheervo  that  iIkm 

nnmhers  will  corns  out  differently  if  instead  of  aaaumiag  tbe  atoinio 
weijifht  of  hydrogen  =  1,  w©  take  that  of  oxygen  100,  ob  is  mnmionly 
donol.  ThiU  the  atomic  volume  la  noeoasnrily  the  reciprocal  of  t]i« 
atomic  number  is  easily  spon ;  fcr  aceordinx  1o  the  view  first  laid  down 
(which  must  bo  regarded  as  the  correct  one)  the  epocific  gravity  it  tha 
jinnlurt  of  Iho  atomic  niiniber  and  the  atomic  weight  (page  .52) :  eo  tbat 
if  S  =  a|H;cifio  grnvitv,  G  =  atoniio  weight  and  Z  =  atomic  number, 
we  havi'  S  =  O.  Z.  If  now,  ^ctnrding  to  Lcroyer,  (tc,  we  divide  the 
atomic  weight  O  by  the  up,  gr.  which  "according  to  the  alroro  is  Q.  Z., 

wei  havo  the  atomic  volume  =  g—g-^  jr-    Henflp  tbo  atemio  rolamo 

U  tho  reciprocnl  of  tlio  atoniiu  nundwr.  It  is  eiiey  to  st-n  from  lhi»  that 
thr  csprowiion  afomir  riifiim*  itniHt  lead  to  erronoonw  views  and  inforcncfla; 
for  we  ran  iiiiderBtaml  by  tt  nothitip  elt-e  than  an  atom  of  n  body  together 
with  the  iidjaceut  and  surrounding  intcrHtieeH ;  sitice.  Igowever,  these  inter- 
iilices  viiry  noronifng  to  externa]  cirunnLstaneoi^.  hu^Ii  aa  |»rcssurc  and 
t>-ntpcm.t>ir(\  tlie  alouiie  volimio  nmut  Ikj  variable  alao.  Tbid  ii^  altoweil 
(>y  Fol.  Butlllay  {Ann.  €him.  /'fiyi.  i^,  200,  oxtr.  ffr/.i.  \u.  107  :  al« 
iv.  Tr.  K3,  1,  iOH)  who  atlrauecil  sinitlar  viowa  If  thin  mode  of  ralrti- 
tation  he  adoptt^d,  it  if  heltt'r  to  leave  the  ntomitr  thettry  out  nf  tho 
<)ui«tion  and  ndiipl  thi^  uoinent'lature  of  H.  BebriWcr,  who  <*al!U  ihoeD 
■[uolirntA  c^jHlvti'-.nl  vi>lmMii.  Since  l(t  fmrts  of  nulpliiir  art'  themiuivii- 
loni  of  I2t{  iirtline.  a  *olumw  of  «ul|Tbur  whitti  takes  up  10  ;  SOOO 
s  H  cubic  mtnumro'',  is  the  eipiiviitrnl  nf  I  vid,  i'Mliue  wbirh  vet-upio 
I3fl  :  4'048  =  2'5'46  cHbie  tiifwurr*  ;  for  I  vol.  suljibur  of  8  cnbie  nin- 
carw,  wboMO  Bp,  gr.  =■  2  coiilniiifl  2.  «  =  IB  |in.rl«  by  weight,  atrd  I  voL 
lotlino  wliwie  Mp.  ST.  =  4  on;  ^ontaiiLi  1046.  25  49      120  parts  by 
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eight.    {For  farther  doTelopinent  of  thie  matter,  \iJ,  Dentidj  of  Com' 

Atcymic  weujht  nf  Oompoundt. 

The  two  Ia*8  above  laKI  ilown  (puge  41}  app'^  to  ronipountls  as  well 
to  simple  subainiioea.  If  one  compound  ^iiljatance  A  is  cajiaWf*  of  com  • 
fining  wilti  anotker  oumiiunnd  auttsUnce  li  in  iliflerent  [miporliunB,  tliG 
smallest  quantity  &f  B  with  which  A  ejiti  cojnliine,  tnnltiplieil  hy  1^,  2, 
T,  4  .  .  .  .  gives  llier  ottcr  quautittes  of  B  which  can  enter  into  comltina- 
ion  with  A.  Thua,  47  2  parts  uf  jiotash  aro  Miiited  in  carbonate  of 
Hash  with  22,  ami  in  blcarhonato  with  44  parts  of  carbonic  itciil;— 
ill-8  oxide 'of  Imafl  can  cuiiiliiHe  with  9,  IS,  27  ami  54  pnrl.3  nf  nitric 
ci*].  Thi)  ftecoml  lnw  in  alnn  aiiplicablo:  from  tbo  propftMions  in  which 
10  coripoiind  ewhstunce  comhinoa  with  two  others  may  lilrcwisc  he 
Btcriniiipd  the  proportion  accordrug  to  which  these  two  coinhino  with 
ic  another.  Hydrate  of  magnesia  contains  2I>-T  moj^ncaia  and  9  water; 
alphato  of  magnesia,  20"7  nuigniEhaia  and  40  enlphuric  acid;  and  accord- 
sgly  0  water  and  40  Bulphuric  acid  aro  exactly  the  prnportiuns  of  those 
TO  bodies  contained  iu  oi!  of  vitriol.  Tu  this  Trianncr  the  atomic  weighta 
pquivalenlfl  of  compound  hodtca  may  be  determinE'd  ■quite  indopon- 
pntly  of  those  of  simple  aiibatanoca.  For  example,  ire  might  aseunio  ihfl 
of  aalphuric  acid  =  lOOO,  and  then  detLTininc  that  of  water  =  22,5, 
_  Bia  irl7'5,  and  oxide  of  lead  27!f5,  those  being  the  <]Uiint{tioa 
'tbeM  several  euhstance^,  which  combine  with  1000  parts  of  sutphuric 
cid:  moreorer,  ainco  these  quaTititios  of  the  several  baBes  Ealarate  1350 
titric  acid,  thie  number  1350  would,  om  the  same  h^pothesie,  express  tbo 
'tomie  weight  of  nitrie  acid.  Numbers  so  detcrniinod  would  not,  how- 
rer,  bo  in  accordance  with  those  of  tbo  simple  anbetftnces  obtained  on 
je  eappositjon  of  hydro(rcn  —  I  or  ojygen  =  100, 

The  atomic  weight  of  any  compound  is  eqUal  to  the  slim  of  the  atomio 
weights  of  Iho  simple  Babstauces.  which  coinpoaO  it.    This  is  iu  exact 
jrdance  with  the  atomic  theory;  for  the  atom  of  &  compound  must 
reigh  as  much  aa  the  individual  atohis  of  the  simple  aubstaiiCGS  composing 
tntea  together.    1  At.  hydtogeii  —  1  aurl  1  At,  oxygen  =  8  form 
At.  water  =  1  +  8  =  9;  1  At.  lead  =  lOS'H  and  I  At.  oJtygen  =  8  form 
At,  oiide  of  lead  =  lll'R;  "I  At.  sulphur  =  IG  and  3  At,  oxygen  — 
t4  form  1  At,  sulphuric  acid  =  IG  +  2i  =  40,    Hence  IITH  parts  of 
ixide  of  lead  combine  with  exactly  4Ct  parts  of  eulphnric  acid,  because 
lia  19  the  proportion  in  -which  1  At.  oxide  of  lead  combines  with  1  At, 
ilpburie  Boid.    If  111*8  patta  of  oxide  of  lead  be  heated  to  rednesg 
rith  an  excca^t  of  aqueous  ^nlphnric  acid,  that  part  of  the  acid  not  takfn 
Ip  hy  the  oxide  of  lead  evajhonitea  together  with  the  water,  and  thei-e 
etnain  exactly  IHIS  parta  of  Kulphato  of  lead,  containing  IITK  oxide  of 
lead  and  40  salpburic  acid.    When  galena,  a  C'linipound  of  1  At.  lead 
■with  I  At,  ealphur  iff  digested  with  nitric  acid,  ■which  gives  to  the  lead 
and  the  Hulphur  the  quantities  of  oxvgen  rei[uirod  for  converting  them 
[^spcctively  into  oxido  of  lead  and  sulphuric  acid,  and  theliqaid  iaevapo 
itod  to  dryneaa,  there  remains  the  SHrao  comivound  of  lll-S  oxide  of 
40  eiilplmric  acid,  bo  that  no  exeesB  of  sulphuric  acid  can  ho 
I  b^  watbT  or  of  oxide  of  lend  by  aeetro  aoid,  bocause  I  At,  lead 
combining  with  oxygen  forms  exactly  1  At.  oxide  of  lead,  and  I  At. 
ridphiir  by  combining  with  oxygen  forma  exactly  1  At.  sulphuric  add, — 
ind  moreover  oxiilo  of  lead  'lud  liulphuric  actd  combine  iirccisely  ■■■  the 
jtnjpvrtiuu  uf  1  MIvjD  to  I  titpiti.    U  ia  a  uecoasary  concomituut     tlilij  law, 
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that  when  tho  proximate  eleinoiils  uf  auoli  compouuds  of  the  gccon<J 
order,  eiilphntc  of  Iciul  fur  e.t«ii]]ilo,  contain  :i  eoniiiiou  nltiuiuto  cle- 
moiil,  as  oxygon  h]  tlik  ciise,  lEm  ijuiuititics  of  tliie  ultimate  cleiiipnt  wn- 
tained  in  tho  two  [jroximato  elements  must  bear  a  simple  rt-Iutinn  to  cicli 
other:  the  quantity  nf  oxygcii  In  sulpliuric  acid  is  exactly  times 
tm  great  tu  tliat  in  tlio  oxide  uf  loud  cunibiiiod  with  it. 

Chemical  Formulce. 

A  chsmical  formula  is  ao  oxpression  tiy  symbols  ami  niintbera  of  tlio 
ooinpositioo  of  a  definite  chemical  compouTid  jicconlin^  tu  its  olements 
und  tlieir  rela.tlv)>  ^junntilies.  The  ^yicibols  aro  iuiti^I  lett^r^  uf  tlio 
tiit[iiu«  of  the  tlcmenlary  Bubstaiicois  given  in  the  table,  |iape  50,  culuinn 
B.  Certain  conipoutids,  [larliculaily  of  the  organic  tlase,  have  likewise 
piirliL-ulat  sytubola.  appropriated  to  tlicm:  e.  g.,  Watct  =  Aij;  Cyanogen 
=  C^;  Tartaric  noiil  =  T;  Citric  acid  =  C;  Acetic  acid  =  Qutcino 

=  CL;  Morplua  =  M,  &v.  The  numbera  atinoxDd  to  the  eymbole  denote 
the  numbers  of  atnintt  of  the  aevend  coD&titn«Dts  exti^tlng  ui  the  eom- 
piiundi  a  .Hymln>i  witli  tii>  imiiibor  iiunexed  to  it  iiiiplie-a  that  one  atom 
oaly  4if  tho  corrcjbpotiding  eub^tancc  exi«t£  in  the  ceinpuumJ.  Clectru- 
poBitlve  ijubHt)i.nccf,  Eitich  oa  nietnia  and  talifiiiblo  biu^eti,  precede  ?lcr.tro- 
nc(^tive  eiibi3tanc<;6,  such  ne  oxygen  iind  ueidji  in  llio  furniultL\  Thin 
order  ia  the  reverse  of  that  adopted  in  the  uomeneluture,  but  it  would 
{K'rhnpa  bt]  belter  im  tbie  as  well  a«  m  tbo  fonnulte  to  give  precedence  tu 
the  electro'jHisitivo  eloment.  Wliori  it  tumpound  cmitHins  proximate  aud 
ultrpmtc  eleinentsj  the  mode  of  vombiuatinu  is  expressed  by  meanft  of 
jtoitits,  commas,  +  aigus,  and  bmck@ta.  Oxy^u,  which  occura  w  fro- 
(piDiitly  in  CO  111  [(■oil  lids,  \s  often  expres§ed  by  ^ioiiiti<  pltiecd  over  the  syni- 
bid  uf  the  body  with  which  It  ia  in  comLiuution,  the  miiiiber  of  tfirw 

frtiiutfl  being  ef^Uid  to  the  number  of  atoms  of  0:iyy6ii  preaenl.  In  u  timi- 
tir  mrtniitir,  ?trokea  IfMiniug  from  right  to  left  are  u»cil  lo  dciioto  utoma  uf 
sulphur,  auit  points  under  tbc  yyiiibol  of  tho  other  body,  atoiu^  of 
hydrogen. 

Oxide  of  lead  is  PbO  =  Pb;  potasli  (1  At.  putnfisium  a.nd  1  At,  oxy* 

gen)  is  KO  ^  K:  water  is  HO  ±i  U;  alumina  (2  At.  aliiinlnum  and  3  At 

oxy^.'on)  is  Al'  O'  =  Al;  carbonic  acid  is  CO-  =  C;  silica  is  Si  O-'  =  Si; 

sulphuric  aetd  i»  SO'     S;  nitric  acid  ie  NO'  =  N;  ammoiiia  tu  NH'  = 

W;  sulphalfl  of  load  w  PbO  +  60"  =  PbO>  SO'  =  Pb  S;  licarbopalc  of 

|fulaeh  (1  At.  potaeb,  2  At.  carbonic  acid,  and  1  At.  water)  ib  KO  + 

SCO'  +  HO  =  KO,  CO'.  HO  =  KC'  H;  cry»t;illi^ed  -nlphalo  of  nninio- 
nia  (I  At  nrntiiouut,  I  At.  riiilphuric  ACid,  nud  2  At.  water)  ih  NH'  + 

SC  +  2H0  =  NH\  S0\  2H0,  =  NS  H';  crystnlliwd  potfuh  alum  (I 
Al.  ptitanli^  1  At.  nluniinar  \  At,  ealpbariu  aold,  and  24  Al.  water)  i* 
(KO  +  «0')  +  (Al'C  +  3S0')  +  (21  HO)  =  KO,  SO'  +  Al  O',.-lS0' 

+  HO  =  KSj  Al  S',  M";  snlj'Inirct  of  potaasiiini  (I  At.  poia»iom 
aJid  I  At.  Kulphur)  is  KS  =  K;  t«r«ulphurcl  of  molybdentmi  is  lAii^  = 
jliiej  tlie  combinatiuii  of  thcM)  two  uiotallic  vuIjihuroLti  id  cqaal  itDinlMrv 
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atnms  is  KS  +  IlIoS'  =  KS,  M^^S'  =  KMu.  A  naniWr  jikccil  or  tliB 
Tv^hl  nn-i  nt  llic  U]i]irr  psirt  of  a  syi"'"''  ■IfnotP's  merely  the  mriibl'cr  wf 
utoiii»>  ftf  the  s[ibsl;nioc  dciu>te<l  \<y  tlic  isyitil>wl:  f.  (/.,  FO'  >iiu.>-t  lio  iimlei-' 
sttifid  til  ilejiott'  -3  alnni3  of  oxy^jcii  nuA  only  1  of  isiilplidc;  when  oxygen 
ia  expresee'l  liy  point.-*,  tlie  iiiiiubLT  plated  on  tin?  riglit  refcra  to  tljewhtite 

compounil  containing  tlio  oxygcnj  thus  in  bicnrbonate  of  potasla  KC  H 
we  muht  umleistanil  2  At.  CO',  not  merely  2  At,  C.  Oa  the  otlior  Laml, 
a  Dunilter  pbiC'Cil  before  ecvtral  eymboEti  miiUiplios  them  all  as  far  as  the 
next  +  ai^'n  or  cuniiiia,  or  if  tlio  niiniher  ii^tanih  bpfurc  n  bracket,  H  mu!- 
tiplicB  all  the  Byinbtils  uiiJ  nutulicra  iiicliiili*ii  within  the  brackc'ta:  thus 
(IPbO  +  NO'  or  (iPbO,  NO''  ini-aiiH  n  cnmhinatinn  of  6  At.  oxide  of  lead 
with  1  At.  nitric  aciU:  and  KCI  +  i  IfgCl  +  4H0,  ur  KC],  4HgC]  + 
mo,  the  eoinlciiiation  of  1  At.  chUiriilu  of  potassium  with  4  At.  cliloriiJo 
niercury  (lud  i  At.  wwler.  Many  (.'lieniieitH  write  the  niiniher  tir  indos 
on  the  right  bclnw,  instead  vf  the  rrght  tibove  the  nymbuls  (thus,  ^Oj,  fur 
sulphuric  jMiidJj  hetaujie,  in  3l;;<;hraif4il  forniuhc,  n  number  on  the  right 
:ib"ve  eipresaea  a  power:  but  lliert*  i.s  iio  ri.^lc  uf  confiiainn  between  alge- 

 braic^at  and  chemit^al  foruiula.',  anni  the  number  wlicu  written  above  is 

B^iore  easily  Ttifi  thun  when  placei}  below. 


iMil 


The  greater  the  number  of  atotns  of  any  aubQtanco  in  n  given  eoiii- 
MD'!.  anil  tlie  greater  tlie  weight  of  tliuBO  atoms,  thp  greater  will  bo 
thu  quantity  of  that  subatJince  iu  the  i-oinpoiind.  Hence  the  tjuantity 
(M)  of  the  coustltueuts  in  a  given  quantity  «if  thf  noniiwand  (in  100  parl8 
ftir  example)  is  dcterniinol  by  imtltiplyiDg  the  uumber  of  atoiits  (Z)  of 
oath  eon&tituout  by  tbo  utouut:  weight  (Gj.  ilon^e  we  have  the  tliree 
Ih^flluwing  romiulLo;  — 

■  O.M^Z.G;  2)G  =  ^,-  3)  Z  =  | 

The  first  furmiila  comes  into  nsc  in  determining  the  c[uantitiefi  of  ibc 
^Several  conBtiluents  rtrntaincd  in  a.  given  quitntity  of  any  cuni])onn(l. 
I^^Tbe  profOSB  eonnists  in  multiplying  the  atomic  M'ptylit  nfciicli  eonstitncnt 
by  tho  number  of  its  atninti  containuti  i[i  the  uoinpoimd  tLtiim,  uiiJ  adding 
e  i|unu(itieH  so  obtafnod:  the  t^iini  Ik  th«  atoiiiii*  weight  of  Cim  [.'(jnipound, 
d  siucc  the  ijuantity  of  each  element  coutainiHl  in  it  ha?  alwo  been  do- 
Tinined.  tho  qnantitjetj  of  th-osG  eeveral  elements  in  any  other  quantity 
tlio  eompotind  may  be  foan'I  by  the  Riilo  of  Three. 
What  are  the  quaatitica  of  tho  eevera!  eleni<Mit«  of  sulphate  of  lea-l 
bO,  SO')  eontitined  in  100  parta'i    PbO  19  lUS'S  -|-  tf  =  U  1'8;  SO'  is 
24  —  40;  thi>rof«re  PbO  +  SO'  is   111-S  +  40  ^  We 
then  that  the  pr<isimatQ  elompnts  of  151 '8  parts  of  siilpliate  of  lead 
111-8  oxido  of  Icful  and  40  eulpbiiric  acid;  the  ultimate  elements  avo 
S  k-ai^,  I'E  sulphur  aii'l  32  oxygen.    If  now  Ljl'Sj-arts  of  sulphate 
lead  corktain  1 1  IS  oxide  of  Icail,  100  parts  wmai  contain  (Ifil'M  :  111  'H 
too  ;  73-65)  73-t!5  parts;  sitnilafly  the  proportion  151*8  :  40  —  100  ;  a* 
:ive8  2ft-35  per  cent,  of  snlpharte  acid;  151'8  :  103*8  —  100  :  x  gives 
IH  38  per  cent,  lead;  1.51*8  :  16  =  100      gives  10*54  per  cent,  snlphnr, 
rtnJ  ITjI-S  :  3i  —  lOO  i  3^  gwen  21-Uft  per  cent,  oiygen, — What  are  tint 
cnnBtiturnta  of  S5  parts  of  morphia  (C^  MH-"'  0")T    ^  At.  carbon  wcjfrh 
.I'fl  —  210;  1  Al.  iiilrfigen  14;  20  At  hydrogeu  20 . 1  =  20^  :ind  6  At. 

ygeu  li .  M  =;  4«  ;  and  210  -f  U  +  20  +  4fi  =  2fl2  ;  now  292  ;  210 
=  85  !  *-givoa  fll"13  carbon  in  83  parts  of  morphia;  202  :  I-l  =  S5  :;); 
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gives  4'08  nitro^a;  2M  :  20  =  95  :  ar  gives  5'82  hydrogen;  ttnA  292  :  i6 
=  85  -.  X  given  13'97  oiygeii. 

TLfi  fifat  fcrriiiula  aiao  serves  to  find  fcow  much  of  any  subatanne, 
8im|ilo  or  com]iuu[iit,  ia  required  to  convert  a  given  qu&utity  of  aimOipr 
sulistancG  iiitu  It  given  compound,  or  to  dccompoGO  a  given  quantity  of 
[luy  cunipDund. — How  uiucb  sulphur  is  re«|iiircil  to  convert  ISSjiarty  <>( 
copper  into  didiilpliuret  of  cupper?  In  this  compound,  Cu*  S,  th<;re  are 
2.31'S  =  ftS'fl  copper  coruhioed  witL  16  aTiIjihur;  aiuce  then  63  6  eop|*r 
re^quiro  16  sulphur,  135  parts  of  copper  will  require  33'!)B  parts  of  sul- 
phur, for  63  fi  :  IB  =  133  :  33  -96.— How  much  oil  of  vitriol  ia  reqiiire<l 
for  the  decompoflUlon  of  TC  pte.  of  nitrate  of  potaah,  bo  that  btflii]|diiile 
of  poliLsh  may  bt!  foniird  while  the  nitric  iicid  eacapesT  In  nitnile  of 
potash,  1  At.  p'jt:i*iit,  (KO)  =  39-2  -f-  8  =  47  2  ia  combined  «i[h  I  At. 
iiitrir  at-id  (NO™)  =  14  4-  -40  =  54:  the  atomic  weight  of  nitruto  of 
potafih  is  tlierefcre  47  2  +  54  —  101-2.  Oil  of  vitriol  (SO'  HO)  con- 
tains 1  At,  .sulphuric  acid  =  16  +  3.8  =  40,  and  I  Al.  water  =  1  -|- 
8  =  0:  therefore  the  atomic  weight  of  oil  of  vitriol  ie  40  +  9  —  49. 
Sioco  then  2  At.  eolplmri";  acid  are  to  comhine  with  I  At.  potatb,  I  At. 
or  101'3  purta  uf  uitralc  of  potash  (containing^  47'^  pota«h)  will  require 
2At.  or2,40  —  98  parta  of  oil  of  vitriol  (containing  80  sulphuric  acid); 
now  101*2  :  98  =  79  :  76'5  tLe  quantity  of  oil  of  vitriol  requiied  to 
docoinpose  79  parts  of  nitrate  of  putaah. 

By  meauB  of  the  e«cond  fonnuFn.  we  may  find  tho  atomic  weight  of  a 
Bolistanco  when  we  know  the  ru-tativc  quantity  of  it  in  a  given  conipono'J. 
and  alao  ihe  number  of  its  ntunis  which  prohahly  enter  into  the  conHtila- 
liiin  iif  that  eoSHpound,  Suppose  that  in  300  part^  of  soleciioua  acid  we 
liavo  fuuiitl  7 1 '43  parte  of  eclonium  and  28*37  pattia  of  oiygGo,  and 
MBQinc  as  prohaUc  that  it  containn  1  At.  Rolenium  iind  2  At.  okyg^u; 
▼0  have  tlicn,  in  order  to  perform  the  rtpcralion  imticnted  by  the  «eaoud 
formula,  fn  divide  the  quantity  of  each  clenieut  by  the  number  of  tie 
atoms :  thna 

M    :Z=  G 
Sfl  71'4a  :  1  =  71-43 
0  28-57  :  S  =  14-283 

According  to  this,  the  atomic  wolght  of  eeleuium  wfiuld  bo  7r43  if 
tlittt  of  oxygon  wore  14'28.1 ;  but  taking  S  for  the  atiiniio  weiebt  of 
oxygen,  wo  hiivc  14  285  :  71'43  =.  8  :  40;  if  tlio  atomic  weight  of  oxy- 
gen be  100  wo  bnvo  H-285  :  71-43  =  lOO  :  500.  Hence  the  alomie 
wc'ijfUt  of  teEeuium  is  40  when  lliat  vf  oxygen  is  8,  and  500  when  that  of 
oxyycn  is  lOO- 

Dy  the  third  formula  wo  Uud  io  what  uuuibers  the  atoioe  of  tlie  clif> 
ferent  constitutrnta  are  united,  ffhi?n  their  relative  quantities  and  atomic 
weigbte  are  known.  If  100  part^  of  nitric  acid  contain  25  !12'1  nitrogtsD, 
md  74  074  oirygeu,  and  tho  atomic  weigbts  of  nitrogen  and  oxygen  are 
14  aod  8  re«p<?etively,  wliat  are  tho  naniliere  of  ntoiiifi  of  IIk'im;  two  olc- 
nicnts  conlniTK^^I  in  nitric  acid?  According  to  the  formula,  the  rdativo 
unatility  •lividoU  by  (ho  atomic  weight  gives  tho  tiniulwr  of  alotua; 
tiivrvfore 

M     ;  tJ  =  Z 
N  2.S  928  :  M  =  y&M 
0  74  074  :   a  =  &  &60 

AeeuMing  In  ilna,  1852  At.  nitrngru  are  united  with  If2C0  At  ocr> 
gen.    Thin  complicated  ratio  may  however  (ah  in  moat  other  oun)  M 
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mltwed  liy  iwsiiming  the  a-tomio  iiumljer  of  tlio  elements  wliich  gives  tlie 
8iiw]le«t  *j|mjlicHt  in  the  calcnlalitm  =  ] ,  ami  JiviJiiij,-  tlio  oilier  c^uotienls 
by  tbis  amalleHt  (jiioticut.  Tliiis  in  tlio  |)reotMU  exiLtnpIe  i  a52:  9*200 
=  1:5;  WRyequcLitly  1  At,  nUrn^/ei)  is  coiiiliineil  wiili  5  At.  ojtygcu. 

Feispitr  contains  iu  100  parta,  potasii,  18-14  alumina,  aaJ  6j'21 

iliwi,:  htiw  many  atoms  of  tlimo  tlirce  i^uLuitaDceA  docs  it  conLainJ  Hera 
We  liave  to  calculate  the  atomic  weighia  of  tbo  Ikrcu  proximate  cltrnejita: 


us 

K  39-2  SAl  2T-4  Si  U-8 

O    8-  30   24  20  16 


Potjwii  47'2  Almninn  5l-i  Silica  SO-a 

M    :  a  =  Z 

Potash   16-65  :  47-2  =  0-3528 

Alumina  .„  18-14  :  51-4  =  0-3528 

Silica   fi5'21  ;  30-S  =  2-1172 


Now  3528  ;  3528  :  21172  =  1:1:6.  Con^eqiieutly  felspar  cftn- 
'm  I  At.  potash,  1  At.  alumina^  and  6  At.  ailicttj  probably  combiued 
followe ; 

{K  0,  3Si  0-)  +  (Al^  0=  3Si  Qi). 

In  many  compounds,  especially  of  the  organic  claea,  till  tho  eletnonta 
IQ  more  than  I  atom,  and  the  division  of  ttie  larger  c|noticnt8  by 
'allest  gives  iniprop«r  fraciiuiia,  which  iiiuBt  bo  gut  rid  of  by  Kup- 
■hit,'  tbw  number  of  atoms  of  tho  element  which  gives  tho  umullci^t  quo- 
ent  tu  Imj  2,  3,  4,  Dry  benzoic  acid,  for  example,  coutaiuij  lu  100 

arts,  74-34  caxboDj  4*42  hydrogen,  and  21-24  oxygon, 

M     :  G  =  Z 
0    74-336  :  e  =  12-390 
H      4*42.T  :  1  —  4'425 
O    21-2a»  :  8  =    2  655 

fl?!5  :  4-425  :  12-390  —I  :  1-65  ....  ;  4-66  ,  ,,  or  multiplying  liy  3,  = 
8:5:14.  Hcneo  dry  benzole  acid  oontaios  3  At.  osygen,  5  At.  bydro- 
gen.  and  14  At.  carbon. 

To  save  tho  trouble  of  Tuaking  sncb  calculations  by  the  rule  of  three, 
oUastou  {AriP.  Phil.  4,  17 (J ;  comp,  algo  Schw.  14,  1215)  introduced  his 
iCt/k  of  Chemkul  Equivatf^nii  constructed  on  the  principlie  of  the  onliimry 
lidinf}  JiuU.    A  slide  moveable  up  and  down  the  middle  of  s,  narrow 
ord  CB  marked  with  the  nutnljera  10  ....  500  placed  at  distances  corres- 
nding  to  their  liigarithmPj  an  that,  for  example,  the  dietnTice  between 
0  and  II  la  as  great  a?  that  between  100  and  110.    On  the  right  and 
't  of  the  slide  the  naniea  of  the  olement^jy  sab^tancea  and  their  more 
portatit  compounds  are  marked  on  the  board  in  plates  con-Pfiponding'  to 
eir  atomic  weights.    When  the  slide  ia  set  right  in  the  board,  that  is  to 
y,  not  drawn  either  up  or  down — tho  miinher  10  on  tho  islidft  stiinds 
pposito  1  At.  oiygcu  oti  the  hoard;  11*95  oM  the  sUflo  opposite  tu  1  Ati 
KTatet  on  the  board;  so  lifccwiec  12*5  correspondB  to  10  At.  hydrogen;  20 
to  2  At.  oxygen,  and  1  At.  Bulphur;  30  to  3  At,  oxygen;  40  to  4  At. 
oxygen;  50  to  5  At.  oxygen  and  1  At.  aulphiirie  acid;  130  to  lead ;  1  40 
to  oxide  of  lead;  1!10  to  .sulphate  of  lea.d,  and  eo  on.    C«n.'.e<|uent]y,  in 
^lifi  pisilion  of  the  slide  it  rnay  be  eoeii  tlia,t  l^JO  parts  of  sulpliate  of  lead 
utain  140  oxide  of  lead  and  50  sulphuric  aeid  ;  or  130  lead,  20  i-ulphur 
and  -40  oxygen,  it  being  supposed  that  tho  numbers  of  atoms  of  the  con- 
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Btitiionts  are  previously  fcnown.  Tf  now  it  l)C  rptjuirc^l  to  RnA  wlml 
fj  mm  titles  of  thfse  serf  ml  elemptila  :ire  coiilaincil  in  !0I>  jKirls  of  eiilpliiile 
of  leail,  t!ie  sliito  ia  lo  he  so  pla-ccd  tliiit  tlio  ntitiibGr  100  .'^liiill  sUiml  esiiclljr 
ftp[]0.iiito  to  siilpliiito  of  Icatt.  w  liuri  the  rcqHriviI  qiiantitiea  will  be  fouD'i 
oppoaitfl  llic  names  of  l!ie  several  ckmeiita.  In  tiiio  and  oilier  ways  tLo 
EqiiivuleiU-afale  (wliidi  mtiy  siIbu  be  made  witli  il  nmvcablo  fircle  iDEtead 
uf  a  bUiK')  iniiy  be  oinjdoypd,  However,  the  fractionitl  parts  of  tdo 
numbera  caunut  bo  lutukcil  on  the  divisious  of  the  slide  witli  a  degree 
of  accuracy  er^ual  to  Hint  wbich  may  be  obtiiiucd  by  calculnlioD,  ftod 
moreover  the  Dumber  of  tlic  elGiiieiits  and  their  compounds  ia  so  great 
that  tlifjir  naniee  cunnot  all  bo  marked  ou  the  board,  bo  that  senrohing 
for  tUem  ia  this  nmncier  often  iak&a  a  longer  timo  than  calculatloDi  hoiin; 
the  use  uf  these  Et^ulvateDt-ecalios  ban  not  bucome  very  general. 

D.  Qualitative  alterations  of  elements  caused  by  chemical 
combination. 

Since  the  chemical  {;oi[ib'LiLatiou  of  hetertigcneoue  fiubstanires  produce-sn 
faomogeneouiii  laiisa,  il  must  iieces^rily  lie  nceompanied  by  aclinn^e  iu  Ihe 
properties  of  the  clcjsients.  In  the  less  intimate  comhinations  tbiu  clitui^e 
IV  very  unimportant,  no  more  in  nmny  ciKeB  than  ia  necr^ry  to  cau^e  the 
different  propertipfl  of  the  olementQ  to  merge  into  one  auotlier.  Thu-i 
common  eah  when  duesotvcd  ia  water  loses  ita  solid  form  and  inipnrt^  ili^ 
saline  taste  to  tlie  water,  while  the  epecific  gravity  of  the  golutinn  is 
HOfirly  ft  meiii]  between  that  of  the  ejilt  and  tliat  of  the  water-  The  pro- 
perties of  tbo  more  intimate  compounds  uu  the  other  hand  are  id  almost 
all  ca^ea  totally  different  from  tho«a  of  their  elements.  The  two  taatete-^ 
ftiibatanrea  oxygen  and  sulphur  produce  by  eombinalion  the  intensely  wjiir 
and  eorrosivc  ^nilphuric  acid;  tho  solid  ttiibstantes  ciirbou  and  sulphur 
furm  when  combined  the  volnilc  aulphnrct  of  ctirboii :  grey  mercury  and 
yellow  sulphur  fonn  ihc  bright  red  c-OTii|Kiund  rerraillion;  Sec.  &c. 
Althongh  all  the  dementi  of  a  compound  body  exert  somo  inflaeniv  in 
dt'tonnining  ita  jiropertie?,  thit}  influence  1.1  nevertheless  exerted  in  very 
dilTercnl  de^ees;  it  often  happenti  that  one  element  \s  much  niorr 
eH'ectivc  in  determining  the  phyi^icn!  and  chemical  characters  of  a  rotn- 
pound  tlinii  aitolhcr;  the  former  may  he  «iid  to  possess  more  /brttuilii-^ 
jiaipfr,  while  the  latter  aerves  either  as  a  taer  or  ffromidworl;  Thus  llic 
tnet»ls  may  bo  said  to  act  :u  baees,  while  the  nou-metallic  ekmeuti>.  parti- 
cularly oxyuen,  hydrogen,  ehlorinc,  liuorine,  bromine,  iodine,  pcleniuin  nnd 
«ulp|iiir  may  he  re;jirdcd  rather  as  formative  print'ipIcB.  TLc  fonntT,  when 
thi-y  possess  C"jn»iderable  (ipeclfic  gravity,  tiupart  (hijs  proiH;rty  more  csimv 
cialiy  to  ihe  romp<iuuds,  while  the  latter  geoE^nlly  destroy  the  mctalbc 
]ii«trt>,  opacity,  aud  i[re&t  conductive  jiower  of  hiL'at  and  electricity  by 
w  hich  metutx  are  distinguished,  and  impart  to  the  compoumU  peculiiir 
chemiftil  cburticlers,  i".  rf.^  those  of  acids  or  siliEablo  bases.  There  is  mon» 
rewinblauro  between  ihecompounda  of  oxyn^en  with  dtffereut  nietala, 
hImi  bctucen  the  st-fOral  metallic  chlorides,  sulphurets,  \c.  than  hvtwcon 
the  compuuiid?  »f  one  and  the  ^umu  uxital  willi  uxygen,  cblunuo,  tail* 
phur, 

(1.  Dtntity. 

In  inuKt  iniitBiicca,  the  co]]i])oinid  <iccii[>ie«  n  smaller  spsoa  tklU)  iii 
clcnunln  lukcn  l^ii^tlnL-t  bcfnn*  rouibi nation  ;  eou denotation  gWtniUy  Iftkn 
pliic*^,  Icp4  frutjuontly  vxi^aosionj  nr  ueithor. 
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delation  between  ike  Dtnuiti/  af  Gateaus  Compounds  and  that  of  their 
Qasfous  Elements. 

Moet  comtiinationa  of  this  class  are  iLttended  with  condeisaation,  and 
always  according  to  simple  relatione  nf  volume'  j  matiy  however  taUc  pla-co 
LiriLhout  alt«nitioD  of  bulk  an  that  ilic  compuuml  takct  up  the  same  si>[ice 
*M  the  Eum  gf  tlii?  elements  before  cfljuljination :  we  kaow  gf  bat  one 
combinatioo  of  gasea  wbiL-b  is  ncroinpnnicil  by  expansion^ 

These  relations  arc  exhibited  in  the  folluwiiig  table.     The  firet 
livisioD  iticludes  the  cases  in  wliiflli  no  cban^  of  volume  tiikee  place  ;  the 
''second  tliose  attended  with  condcnsatinii ;  the  third  the  eiDglo  ca*e  ai-'toTn- 
paiiied  by  oxpanwun.    But  few  urjcanic  compound*  are  mentioned  in  this 
tAblo,  as  their  relations  of  volume  will  be  fully  treated  of  in  anotber  place< 
ColiiUin  A.  Names  of  the  conipnunds. 

B.  Their  chemical  fomjuJnj, 

C.  The  numW  of  measures  in  which  the  bodies  combine. 
IJ.  The  mm  of  tlieae  nica.<3nred  or  the  volume  of  the  elementa  before 

combination, 

!E.  The  number  of  mcaeurea  occupied  by  these  elements  after  com- 
binatjon. 
F.  The  alxiDiic  weight  of  tLe  compound. 
O.  Spec.  gmv.  of  the  compound,  that  of  air  being  assumed  =  I . 
H.  Quotient  obtalued  hy  dividing  the  ep.  gr.  by  the  atomic  weight, 
i.e.  the  atomic  number. 
[     I.  Reduced  atomic  number,  obtained  on  the  supposition  that  1  vol. 
pydrDgeii  gaa  contains  1  .  x  atoiua  of  hydrogen. 
1     The  colnmns  F,  G,  H,  I  are  eomptirable  with  columns  B,     D,  B  of 
Qie  table,  pa^e  55. 
'      Since  the  specific  gravities  of  many  simple  eubstanccs  occurring  in  the 
bonipounda  here  enumerated  is  not  known  from  obeervation,  we  are  obliged 
in  regard  to  thorn  to  calculate  the  sp.  gr.  and  thctice  the  relation  by  volume 
hvjxrthetically.   Thus  from  analogy,  the  vapours  of  aclenlam  and  tellurium 
have  been  afi*iHnic<l  to  he  6-atnmic,  that  of  antimony  2-atomic,  and  fluorine 
gaa  together  with  the  vajiourd  of  carbon,  boron,  eilicium,  titanium,  tin  and 
bimiDth  as  1 -atomic.    Since  fiirexauLple  the  atomic  weight  of  tin  is  5S 
times  as  grt-at  as  that  of  hydrogen,  and  the  ep.  gr.  of  hydrogen  gas  = 
O'Oeaa,  the  hypothetical  ep.  gr.  of  vaimur  of  tin  =  59  . 0-0693.  The 
atomic  weight  of  antimony  )«i  1-20,  and  its  vapour  is  eupposed  to  he 
2-atoniic,  hence  the  hypothetical  sp,  gr.  of  ite  vapour  is  2  .  129  .  D'0€93  j 
to  find  that  of  selenium  we  muUiply  by  6  .  40,  and  eo  on.    The  hypothe- 
tical parts  tY^  the  calculation  are  denoted  in  the  table  by  noteu  of  interro- 
gatioH :  m  most  ca.9Ca  the  hypothetical  element  is  the  number  of  roliimes ; 
in  that  of  nitric  acid  it  i.a  the  ^p.  gr  of  the  vapour 
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Hydriodic  ncid  * .  . .  ... 

HyJroliiroiiiic  add  

HTdrochloric  acid  .... 

HjdrocyBnio  aciJ  -  

Dromide  of  cyanog'eii  , 
VolftCile  t'liloriiie  of  cyanDgea. 

Nitric  Akide  

Hytlriod.  plHMph.  b]'drogeii.. 
HydrobrijTTi-  pliospb.  hydrup;!! 
Ilydrochlorate  at  ftraiuortio  . . 
Hydrocyuiiite  of  HmmoiLia  . . 
Biliydrofiilph,  sninioniR 
CubooBtt!  o(  ■mmoDiA  


Sulphnrotii  add  

Sclriiiout  acid   ■  • . 

Sill  [ill are* led  h yd  1^5^6(1  ■ .  ..  . 

SelciiiurcLted  lii^draj^En  ...... 

Tellurrtteil  hy>Jrogwi. .  . 

Snlpliuret  of  cnrbon  

Fhoiphuretted  hydroi[m  . .  . . 
Aneniuivtlvd  bydrogen.. .. . 
T«Khloridc  of  plu)8|ihanis  . 

Iodide  of  arsenic   

CbloHde  uf  snenii^-  r  •  >  -  i  •■  ■ 
TcTchlorido of ■ntimiiDT  ... 

W*ter  

Carbcmic  oiide  

Nitroavoxide.. .,  -  , 

Hypanicric  tad  

Oxide  of  chlorine  

Sub-bromid*  of  mercury  . ,  . , 
Sub-rhLoTide  of  ra^KQrjr  , .  , . 

SuLphurir  Atiit  

PerrhLoridcafpboiphorui..  •. 

Ammotiui  , 

Chloride  oF  boron  . .  

Flnoride  of  boron  , 

Cxrhonic  Bind  , 

Phcl»|gniCr  i^iu  ,  .  , 

Chtaro-aulplinric  add  ....  , , 

Iodide  yf  mrrcury,.  ......  . 

iJrotnidi:  ormFrCTiry  ....  .. . 

Chlnride  of  iDcrcurj  ......  . 

Chloride  orbUmuth   

Cyuiogva   , 

Chloride  of  lilfriuin  ........ 

Fluoridr  of  lilidum 

Chloride  of  titanium  i 

BichldriJr  of  tin   . .  , , 

Ligbtcarburritrd  hydrogm  ., 
Solid  chloride  of  ejUMgea   . . 

Nilric  Bfid  , 

Aneoloai  »i->d   ,,,, 

Uich]<>ridr  vt  iul|ib>ir  

Oletiaiit  put      ,   . , 

GW-Ui  aCrlir  add  .. 
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1 
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3 

2 
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1 
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2 
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1 
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IS,  90 

10 

6 

40 
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1 
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6 
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I 
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1 
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1 
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00716 

1 

Bi»Cl» 

2.*Di,  aCI 
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I'Si,  2C1 

3 
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I 
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2 
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2 
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27400 
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0  0469 
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From  tliia  table  the  following  »sulta  may  be  dedticGJ: — 

1.  Coiupouad  bodiea  in  tlio  i;nHeoii3  state  are  more  expanded,  and 
contain  fewer  atoina  ia  &  given  volume  than  simple  Bub^tiktices  id  tho 
sa-nie  etiite.  While  the  niniplo  f^nses  are  S,  2,  and  l-atomic,  the  com- 
pound gn^ea  are  never  &-a.tomic,  but 

a.  2-atoiuic;  arsenioa^  aeid  ; 

b.  l-atomic  ;  water,  nitrons  c>xid9,  most  oiygeo  acids,  ihe  weaker  hy- 
drogen sj^ida,  sucli  sulphuretted  Jiydrogeii  and  several  metallic  iodides, 
bromides  and  chlorides,  some  conLaLuiujf  oue  and  eome  two  atoma  of  the 
Ablt-rAilicfil ; 

c.  Tj-niomie,  suFphuret  of  mercury  and  glaciat  acetic  acid  ; 

(L  j-atamic :  oxldo  of  chlorine,  hyjionitric  a<:id,  the  stronger  hjdmcidB, 
Bucb  ad  hydrochloric  iicid,  animotiia,  compouuiU  of  3  At.  hydrugen,  iodine, 
bromine  or  chlorine  with  I  At.  boron,  phoftplioras  or  metata,  and  thoee  nf 
1  At.  broTniiio  or  chlorine  witb  2  At.  mercury  ; 

e.  J-atomic;  anhydrous  carbonate  of  ammonia  (NH',  CO'),  perohlo- 
ride  of  pboepliuru^ ; 

/.  i^ntomic  ;  compounds  of  liydroclda  with  ammonia  and  with  pho»- 
pbnretted  hydrogen. 

It  ia  scarcely  necessary  to  remark  that  by  |,  ^,  J,  or  ^atomic  gases, 
wO  are  not  to  understand  gaees  really  containing  two-thirds,  ofle-half, 
one-third  or  one-fourth  parts  of  atoms,  but  gasoa  of  which  1  vi>l»irao 
contains  only  |,  ^.  or  ^  mauj  utonis  aa  an  equal  volume  of  hydrogen 
gas.  It  appoars  us  if  the  greater  number  of  atoms,  which  together  form 
a,  eoinpotibd  atom,  attjn:h  to  thetnselvea  a  greater  quantity  of  heat,  «o  that 
the  coinpound  atom  beconiea  surrounded  with  a  larger  caloritic  envelope. 

2.  The  volume  of  the  conatitttents  bears  to  that  of  the  compound  the 
following  relations: — ■ 

1  vol.  A  with  1  vol.  B  forms  2  vol.  AB,  therefore  \  +  I  :  2  =  2  ;  2. 
To  tfirs  case  belong  the  first  12  esamples  in  the  table. 

%      1+1:1=2:1,  Carboiiio  acid,  phosgene,  iodide,  bromide,  and 

B  chCoride  of  mercury. 

I     1-1-   2:3^3:3,  Neutml  carbonate  of  ammonia- 

■  1+2:2=3:2,  Water  and  tho  6  following  compounds. 

I  I  -I-  2:1=3:1,  Cyanoj^n  and  the  4  following  compounds,  flup- 
m  posing  the  hypothetical  relationa  of  volumo 

I  to  be  cvrrcet. 

m     1+3:3=4:3,  Sulphuret  of  carbon,  frith  the  Bame  limitation. 
H     1+    3:2=4:2,  Ammonia,  with  the  2  following  hypothetical 
H  «ases. 

I     ]  +   3:1=  4:1,  DEcliloride  of  sulphur,  areenious  acid. 

■  1+0:9=7:9,  Sulphnret  of  mercury. 

I     1+6:6^7:6,  Sulphurous  acid  and  the  4  following  coropounda, 

■  I  +  6  ;  4  =  7  :  4j  Phoaphuretted  bydrogon  and  the  5  following 
I  compounds. 

B      1  -|-   9  :  S  =  10  :  6,  Sulphuric  acid. 

W      I  +  10  :  6  =  ll  :  6,  Ferehloride  of  phoBphoroa. 

2  +   3:2=   3:2,  Chloride  nf  hismuih^ 
2  +   .5:2=   7:2,  Nitric  acidJ 

B     3+3:2=6:2,  Solid  chloride  of  cyanogen. 

m0.  SelaliQm  hetiBfen  the  Dcntity  of  Sdul  or-  Li<^id  Covtpounds,  and  that 

m  ofUuir  Solid  or  Liquid  Comii(iiai/$. 

I      There  ia  ito  known  instance  in  which  the  combination  of  solid  or 

■  F  9 
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liquid  bodicB  taltea  plaoe  without  alteralion  of  Tolaroo.  In  moat  caeea 
oOBdensation  criBUoa,  very  rarely  expansion  ;  a  very  elifrht  expauEion 
takes  plac>e  ] n  the  coiuhination  of  iodine  with  ptitaaaiuTii,  lt'a*l,  mercury, 
or  ailver,  of  aiilpliur  witli  arsenic  (in  the  fnnimtion  of  t3ie  red  «olpliiiret} 
witb  copper  (in  the  farmatiim  of  (lieuliiliiiret  of  foppcr)  ur  with  ea^Jmiuui, 
(Karsten,  B'dullay,)  and  of  Iciul  witli  tin,  g*ilJ,  t>r  platinum  {Kupfier); 
also  a  crmaiJeraijIe  cx.pau8ion  in  the  (.■omliiiiation  ■of  carlmu  (of  3-5  sp.  gT. ) 
with  9ijl|ibur  ('if  2'0  8(K  gr.)  to  fwnn  Ijisulpbarot  of  caruwii  (of  r2T2 
flp,  gT.).  15  lit  these  eipanaiiras  or  contract  ions  exhibit,  us  mijrlit  Iw  oi- 
pe^toil  fmm  tLe  roaaons  atiiteil  on  j»age  5i,  n"  such  eiuiplc  relation  ns 
that  which  h  observed  iu  atl  caaea  of  tho  cnmhinaticn  nt  fi;A&ei.  That 
Sntne  approach  to  a  dofinit©  rpHmtion  does  howevct  oxi^t  lietwocn  thfl 
density  of  clemcnta  ahil  that  of  thoir  com  hi  nation  a  in  tlie  soliil  or  liquid 
Btate,  appears  from  the  lalirnir*  fif  Le  Royfr  and  Dumaf^  Herapath  (Phil, 
Miuj.  1824,  Nftv.  321  ;  abstr  A^.  Tr.  II,  164)^  Pol.  BfJBllny  {Ann.  Chim. 
Phyt,  43,  2rt6,  aJao  Po^g.  1&,  11)7,  also  N.  Tr.  23,  1,  208),  Kaisten, 
Ammemiiillcr,  H.  Kopp,  and  especially  of  H.  Schrtidur. 

These  relations  are  exhibited  in  the  fn]|iiwiTig  table,  which,  however, 
is  drawn  n|),  not  according  it  Iho  Theory  of  Volumes  of  Kopp  and 
Schroder,  hut  according  to  the  Atomic  Theory. 

Column  A,  Name  of  comptmnd. — B,  Formula. 

C.  Atomio  weight.^I>,  SiKcific  gravity  in  the  liquid  or  aoUd  state, 
thftt  of  water  =  1, 

E.  Naino  of  the  ohserver  of  the  specific  gravity,  Bg.  denotes  Berfj^m&n  ; 
Bit.  Brooke  ;  Bl.  Bonlky ;  Bt.  Broithampt ;  Ba.  Buchok  ;  By.  Busey ; 
Bx.  BcrioliiL*;  Dm.  Dumw* ;  T)t,  Dalton ;  )Ativj )  Rk.  Eekebergj 
Fd.  Faraday;  Gh.  Guibnurt ;  GL.  Gay-Luesac ;  Ok.  Gloefcpr  ;  Hd. 
Haidin^cr ;  Hf.  Hoffmann;  Hr.  Herapatli ;  l\o.  Keraten  ;  Kf.  KuplTcr; 
ICn.  Karsten  ;  Kp.  Kopp  j  Kw,  Kirwan  ;  Lil.  Loonhard  ;  Me.  Mohaj 
Mt  Mitachcrticb ;  Ne.  Neumann;  Ni,  N'icninnn  ;  PEi.  Pbillips  ;  RD. 
Le  Roycrand  Dnuias  j  Rm.  RammelslHirg  ;  Rt.  Re^naiilt ;  St.  Stronieycr  ; 
Ta.  Taylor;  Te.  Th^nard  ;  Ti.  Tbilorier;  Tg.  Tbooieou ;  Un.  Unvei- 
dorbcn  ;  Ur.  Uro  ;  W.  Wohler, 

F.  Quotient  obtaiucd  by  dividing  the  sp.  gr.  by  the  atomic  weight  ; 
this  column  is  therofurc  comparable  with  column  D  of  tablo,  pa^  S.'i. 

0-  Numbers  in  column  F  niolttplied  by  "TM  find  tben  divided  by 
0  0693  for  reasons  explainetl  on  page  55.    Hence  the  numbers  in  cuIqoid 

0  ahnw  the  number  of  a-toniB  of  a  comjjound  included  in  the  space  which 
would  contain  one  atom  of  bydroj^n  in  the  state  of  gas.  Tbiia  then  the 
nmiihers  in  ro]iiain  O  are  comimrahlc  with  those  of  column  E  of  table, 
page  53,  as  well  as  those  iu  cnlumn  F  of  table,  p,  55,  and  those  of  column 

1  of  table,  pOfje  6S.    For  explanation  of  columnB  H  and  I  see  page  75^ 
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ttiy^lf  Ui  tbu  use  of  those  tn  G,  ti(>eaiigG  l\t^se  tiuiiil>cr»  aiJmit  uf  i-uui- 
hpuiscin  not  onlj  with  thiusc  of  taJiIt?.  p&go  €6,  but  nlt^o  t]i060  uf  tal)l(>». 
taffOH  53  BJid  55.  From  tliis  comparison  uf  itio  tables  we  may  ilraw  tbe 
ffillnwing  cotlclu«one : — 

I.  A  space  which  will  contain  1  atom  of  bydmgen  in  tbo  gue«as 
atate  le  <,'a,|>ablfi  of  hulding  tlio  foliciwing  nunilicrB  of  atoms  uf  tlie  follow* 
iiig  com  pounds  according  as  thev  arc  or  are  not  iu  tlio  iwrii'umi  tXaXe; 
Vfllcr  I  unit  1234  ;  csrhontc  ociu  1  acid  4I!>:  eulpburous  acid  1  and  500; 
■ulpbiiric  ac:i{l  1  and  arscnious  acid  2  and  42Uj  tuido  of  clilorine  J 
nnu  2-17 ;  hyponitrlc  acid  ^  and  ;  Mil-auimunioe  |  and  312  ;  divhlo- 
t'Av  of  mercury  A  and  33.> ;  protodiloriilc  of  mercury  1  and  43d ;  tcr- 
ohlorido  of  ptio«[ilK>rue  j  and  117  ;  I'liloro-sulpljurio  aold  1  and  7-49 ;  ili- 
broiuido  "f  mercury  4  &■)■'  >  j-rolo-lm^niidc  of  mercury  1  and  ; 
diHudide  vf  incmiry  \  nrnl  2.^K  ;  ]irot-iocti>tf  of  mercury  1  and  3(13 ; 
ilpharettcd  hyitrogi-n  I  nml  ,WJS  ;  cinnnbnr  ^  aud  7(i2  ;  bitulpburpt  of 
trlion  I  and  />U4.  TIil'  liighcst  degree  of  eoiidcii«itinn  tliat  Xa^va  jdaeo 
ill  till*  f«i*iii(f*'  uf  4  Iwly  from  tlie  gaseous  to  tlie  li<)ujd  or  solid  sUto 
aniiiiiiiU  [iHTi'f'tn-  iu times  (wuU^r)  ;  (Ijo  lon-^st  tit  210  (anniiiiuM 
acid).  Tbi'M^  nuiiilxTS  hIho  «!Iiuw  the  Incurrcctneas  of  tlie  law  vtuiu- 
cialpd  by  IVrwu  {pnKo  Since  1  litre-  of  va]«iiir  of  watrr  at 

wetglis  II  ^'rtrmiitr«  anil  I  tilri^  <>f  vi-aior  lOito  ut,,  Pcrxox,  dirrdn  tiio 
weight  ill  grtinimew  of  aiiy  (Mm|Miund  in  ibr  ^tmcoua  sla1f«  \iy  (I'KUOS  In 
nrdi'r  Ut  KL-t  ibo  sp.  ^r.  of  tlio  name  cuin|Miiitt<l  in  tlic  liquid  or  eotid 
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etate.  la  tha  case  nf  sal-D-mnioDiiic  thla  gireB  a  correct  renult ;  for 
^  ;  312=;1  ;  1248,  or acconling to  Pereoz,  1  Titre of  eal-ftDinioniiio  vapour 
wefg-liiing  1-196  graiiiines,  ^.-j^^  =  1  19  =  sp.  of  aal-ainmoniafl.  But 
Peraoz  assumes  in  oppnaition  to  esperhiient  thtiL  the  vapour  of 

nrs^iciioua  aciJ  ami  tbo  l-iLtonik  vapour  of  sulpliur^t  carbou  are 
A-aloniic,  aikI  tkat  tho  ^i-atomic  vapour  of  caloniel  la  ^atomic,  in  order  to 
bring  out  results  tolcraljly  ntar  the  tmtb. 

2.  Tte  atrmio  nunilier  of  n  ccmiKiuml  is  generally  smaller  tli,iii  that 
of  eitlier  of  its  eleiuculsv  The  only  kniiwn  eKcoptiuiis  to  this  rule  are 
the  following;  potnssiuiii  245,  [lotash  G25,  chlonHe  of  potassium  2K5; 
soiliiim  46G,  suik  llOi);  chlorine  464.  rhloride  of  eilvcr  425,  proto-chloride 
of  mercury  43i(,  chtoro-siilphuric  aciil  749.  Such  tonrleneatEoii  tliercfore 
shows  itaelf  hi  those  subetaiicea  only  which  have  the  amallest  atomic 
DUiab^r^,  and  hut  selduin  even  in  these. 

3.  ATUincrmiiik'r  has  ehowu  that  n  compound  of  two  aubstances  may 
often  have  a,  new  quantity  of  one  of  them  added  to  it  without  percejilible 
nltenition  vf  foluoie,  su  taut  tho  ap.  gt,  of  the  compound  incroufififi  jutjt  us 
much  as  the  wei(jlit  of  the  supenulded  eubstaoce,  e.  g. : 

Hg'  ,  .  10'284      Kg'   10-284 

0   0-406    0'812 


Cu".  5  108     Cu^..      .  5-108 

O   0  643      0'  l-2Rj 


Sp.  Gr.  ..  5751  e-3y3  10-696  tl  OSG 

fin   5-84(f     Sn          5-846  I  Pb..          7-437     Ph.,   7-437 

O.-   0-703      0'   1-586  I  0   0-573      0   l*14e 

Sp.  Gr.  ...  e-639  7'432  8  010  S-5S3 

It  appears  from  this  that  »hen  5'751  pfirt^  of  euhoniJe  of  cop|>er  take 
tip  (1-643  more  osygeti,  wi,thout  altemtiOTi  of  volume,  the  s]i.  gr.  iiicreaaea 
from  5'7">1  to  6'3fla,  that  ia  by  0  012,  ami  similarly  in  the  other  threo 
caaea.  With  somo  Ciiniponnd.^,  howwer,  it  is  ncceasary  to  multiply  by  a 
fraction  iu  order  to  di^t-cmituo  the  sp.  gr.  of  the  bibber  coinpoiind  from 
that  of  tlia  lower,  e.  : 

H   O-IU       H   0-in  a  _  . 

0   0'889       O'   1'778     i  88y.f  _  141, 


Sp.  Or.      1-000  1-S89 

The  obgcrved  sp.  gr.  of  H  0'  i»  1  '452,  which  is  still  somewhat  difie- 
renl  from  14 17.  In  the  case  of  Sn  S  and  Su  S',  Hg^  CI  and  Hg  CL, 
Hg^  Br  und  Dr,  the  reniiiircU  factor,  according  to  Ammcruiuncr  is  f ; 
■u  tLut  of  Aa  S'  ami  As  S"  it  ie  i-  ThcBQ  calculations,  however,  give 
notliioj^  more  tlmn  distant  apjiroxiEriations  to  the  sp.gr.  dii^leniiined  by 
experiment.  Morcnvor  if  we  consider  that  in  the  caao  of  suboiide  of 
mercury,  llerapath's  ■letcmiiuutson  uf  the  .sp.  gp.  which  difTcra  so  widely 
from  th.-it  of  Karstcn  hiis  been  taken  as  the  basis  of  the  calculation,  and 
in  th:it  of  protoxide  of  Irail,  the  very  low  dctermiiiiitiun  of  Lc  lioyer  and 
]Jumn£  which  -ann  made  iipoit  the  oxide  ia  lie  vitreous  Htatc  (and  perhaps 
thereforo  c.Nntiiining  silicfl),  it  appears  very  doubtful  whether  these  few 
examples  <jiigbt  really  to  l<c  taken  aa  tho  founilution  of  a  law,  or  whether 
they  sloiold  not  mthcr  he  regarded  aa  purely  acridental.  On  the  other 
hand  these  rcliitrons  may  bo  most  conveniently  traced  ly  means  of  tho 
Biitiib4<rg  III  column  Q  of  the  tabic.  The  atomic  nunibera  are;  of  Cu'  0 
892,  of  Cn  0  17iJ5,  thereforo  nenrly  double,  inasmuch  as  by  the  aildition 
of  1  At.  osygcn  to  1  At,  Cu'  O,  there  arc  prwluced  2  At,  Cu  O  ;  of  Hg'  0 
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from  472  to  563,  of  Hg  0  ]  137,  tlio  aame  proportion  tlidrcfore  but  not  80 
exact;  of  Sn  O  1101,  of  6n  0^  from  983  tu  1023;  of  Pb  0  .114  to  843, 
of  PI)  O-  825  to  852,  tliere/oi-e  uearly  equal  atomic  numbers ;  of  Ifg-  CI 
325,  of  Hg  CI  43a,  —  3:4;  of  Hg"  Br  289,  of  Hg  Br  3K5,  —  4  :  j  ;  of 
Hg-  1  258,  of  I  303,  =  S  :  6  ;  of  Cu'  S  834,  of  Cii  S  96S,  —  (i  :  7  ; 
of  As  0*4(13  to  425,  of  As(>''360,  =  15:14;  of  AeS-368,  of  As  S' 311, 
==5:4;  but  nil  theeo  relatione  art!  merely  approxiniBte. 

4.  Kopp,  like  Le  Roycr  and  Duiii&s,  nmkea  urn  of  litomic  voltimea 
(see  page  57).  He  fonnerly  determined  tbe  atuniio  volume  of  a  com- 
I»ound  by  flubjecting  tliOBe  of  ita  fclieiiionts  to  a  eomjdicated  calc^ulatkiii  by 
meana  of  vnrLous  c'DC^tKcicnte :  lately  he  boefor  tbe  luo^t  part  approximated 
to  Schroder'ti  method  uf  calculation. 

5.  iScAriidirr's  Theor'y  of  Vulumn.  By  dividing  the  equivalent  of  a 
eubetance  by  its  specific  gravity,  Schr&der  obtains  the  Equivalent  vAvme, 
which  agrees  witli  tbe  atomic  volume  of  Xopp  in  value  but  diSbrs  from  it 
in  aigiiificaliou,  inasmuch  as  equivalout-voJumee  may  be  adopt«d  even 
when  (be  atomic  tbenry  is  diaoiirded.  The  meaning  of  the  term  h»a  been 
already  explaiij^d  (page  57)-  Tbo  atomic  volume  or  equivalent  volume, 
ifi  the  reciprocal  uf  the  atomic  nmnber,  so  that  if  tbe  atomic  uumlwr 

=  Z,  tbe  equivalent  volume  may  bo  denoted  ''J' jr*  -  Scliroder'ecquiTa- 

lent-voluiao  or  Kopp'n  atomic  volame  may  be  reduced  to  the  atomic 
number  as  followB  ;  Bulb  are  founded  on  the  atomic  weightw  nf  Berecliua 
(that  of  oxyt^n  —  100).  Thus,  for  ezam[>lo,  tbe  atomic  weiglit  of  sn\- 
pbur  being  201 '1«  and  its  ap.  gr.  1-98,  its  atomic  volume  ib  201-16  :  1-98 
^  lOrU,  If  now  the  atonijc  weight  of  ojivgcn  ^  ^  instead  of  lOO,  tho 
eiluivaleut-Yolnuie  must  be  diininishcd  in  tlie  ratio  of  100  :  8,  (tOO  1  8 
=  10I-6  ;  8-12e),  Hent-e  if  the  atomic  weiglit  of  oxygen  =  8,  the 
eqaivoient  volume  of  eulphur  =  8'126  :  and  divixling  1  by  this  uumlrcr 
W9  oh  tain  the  atomic  nuuilKor  of  sulphur,  viz.  0  1234.  In  the  table,  pai^  55, 
column  D,  tbe  atomic  number  of  sulplmr  is  somewhat  greater,  vw,  0'1250, 
becameo  the  atomic  weight  from  wliicb  it  v&6  determined  waa  rath«r 
eniallef  and  its  ep.  gr.  greater.  In  order  thou  to  reduce  tlic  equivalent 
volume  of  Schroder  to  the  atomic  uutubcr,  we  must  multiply  by  yj^j  and 
divide  1  by  the  product  j  and  conversely,  the  reciprocal  of  tbe  atoniio 
nunilit-r  given  in  tbie.  work,  iimltipUed  by  eives  the  equivalent  volume 
of  Schroder.  Now,  according  to  Schrftder,  the  equivaJeut  volume  of  a 
cum}iound  Ih  oqua)  to  the  sum  of  the  equivalent  volumea  of  it^  elemeuts, 
with  thi^H  limitation,  that  iu  many  cafice  the  equiv.  vol.  of  one  or  the  other 
element  requires  to  bo  mullipliod  by  some  factor  either  integral  or  frac- 
tional. Tbe  appIicatioD  of  this  law  will  bo  seen  in  tbe  followiog  examples,  in 
wlirrb,  however,  f»r  the  sake  of  easier  (comparison,  the  alomiu  wei;.'bt8  and 
spi-ciiiegravitlee  of  the  tables,  pp.  55  and  68,  have  been  uaed:  tbie,  liowercr, 
niake^  mi  mntenul  dilToreiiM-,  InBiimueb  m  the  ecfuivalcnt  vohimee  ibna 
obtnmL'd  merely  require  to  be  multiplied  by  -IJ^,  in  order  to  give  ahnoaC 
exactly  thoEe  employed  bv  Schroder,  Tbe  eij.  vol.  of  carbon  ia  6 : 3'5 
=  1-714;  tjf  sulphur  ]<!:2*(KH>-  8;  of  line  32-2  :  6  0134  =;  4-B58  ;  of 
lead  I03  S  :  11 -3m  =  9114  ;  of  mercury  101-4  :  l3-55fl  -  7-478.  Thai 
of  jiitlplnirvt  of  carbon  is  38  :  1 '272  =  29-874  ;  of  sulplturct  of  lino 
48'S:  3-923  =  12'2«e  ;  of  aulptiuret  of  lead  11  ^-8  :  T'SOj  =  ;  and 

of  Aulphuret  of  mercury  =  H'SBB. 

Now  1  pq,  vol.  tino  +  1  eq.  vol.  Bulpljuf  =  1  eq.  vol.  culphorel  of 
line,  nearly  (4-tl.'^8  +  8  s  IS'tiss*).  8  oq.  roL  carbon  +  2  cq.  vol.  ml- 
phur  =  1  etj.  vol.  snlphorct  of  cnrbun  (S  ,  8  +  8  .  1-714  =  29  7 12);  1  t^. 
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vol.  lead  +  f  eti-  vol.  eulpliur  =  1  eq.  vol.  aulpburol  of  kad  + 
^  .  S  ~  i5'o\i);  and  i^  eq.  vol.  mercury  +  1  eq.  vul.  sulphur  ~  1  eq. 
vol.  cinnabat  (0  9  .  7-478  +  S  —  15'478). 

ConyerBelv,  EU.'Vonling  to  these  principles,  we  raajr  from  the  cj.  tqI.  of 
8  compound  Jeterniine  tie  eq-  vol.  and  tbewce  tlac  sp.  gr.  of  \U  pteiiiejits, 
wheu  the  sp,  ^r.  and  thcince  the  vol.  gaDDot  he  deteruiiae<l  directly, 
to  this  tnnimor  Schriider  makes  use  of  the  compounds  of  oxjgen  to  deter- 
mlrie  the  cq.  vol.  of  thai  elera*>nt  tin  the  solid  state;  this  ho  finds  =  33'8, 
which  must  be  rcdoced  to  2'704  if  the  atumic  weight  of  oxygen  be  made 
—  8.  Accordiufi  to  this,  1  eq,  vol.  zinc  +  I  o<j.  vol.  oxygen  =  1  eq. 
■vol.  oxide  of  ziflc  (4  U58  +  2-704  =  7-362);  if  now  we  take  Moha' 
determination  of  the  sp.  gr.  o/orido  of  I'lnc,  viz.,  5-432,  we  obtain  40'2 
:  .T'432  =  7-417  for  tbo  oq.  vol.  The  cq.  vol.  of  potaflh  is  obtained  by 
adding  ef  aji  eq.  vol.  of  potasaium  (39*2  ;  0*865  =  4^*318)  to  1  eq.  vol. 
osygea;  wo  have  then  |.  45-318  +  2-704=  17'210;  the  calculation  of 
the  eq.  vol  from  the  ap.  gr.  of  potash  gives  47'2  :  2'65G  =  17-771. 

If  utomie  numlicra  be  need  instead  of  eqaivalent  voluutea,  Schroder's 
method  of  calculation  tabes  the  following  fitrm.  The  equivalent  volu-ine 
of  a  Buhstiiuce  iii^  ibe  reciprocal  of  ita  atomic  number,  that  is,  if  tbe  latter 

=  Z,  tbe  former  =  If  now  the  eq.  vol.  flf  one  element  be  denoted 
b?  <=-  B.nd  tliat  of  tbe  other  by  ~  we  shall  have  for  the  .sum  of  these 

Z*       Z'      Z'  +  z* 

magMitudes  ^t-s-,  +         —  .    Finally,  eiuce  iho  atomic  niinibor 

is  tbe  reciprocal  of  the  equivalent  volume,  tho  atomic  number  of  the  coM- 
2'  Z* 

pound  will  be     — T^;,-    Hence  Schroder'a  mode  of  calcaUtion,  aceonitno- 

dated  to  the  iise  of  atomic  Dumberu,  givea  the  following  mle :  Tbo  atomtc 
number  of  ii  compound  is  equal  to  the  product  of  the  atomic  uumbeni  of 
its  two  couatituentti  divided  by  tbeir  snm.  In  those  caeea  iu  which, 
acL^irding  to  Schroder's  method,  ive  shouhl  not  simply  add  tbe  equivalent 
volumea,  but  {jreviuuely  multiply  uuc  or  both  of  them  by  integral  or  frac- 
tional fai'toE^,  the  «ame  must  be  doae  in  tbe  altered  form  of  the  method 
wbeu  atomic  number*  are  used;  tlie  numerator  of  the  above  fra^ition  will 
roniain  the  same,  viz.,  tbe  pradutt  of  the  atomic  nunibere  of  the  two  ele- 
nieut^,  hut  tbe  terms  of  the  denominator  must  be  uultipliol  by  tbe  same 
/a^lOl^  itlt  those  used  in  Bcbrodcr's  original  method,  taken  bowCVf  r  in  the 
reverse  order".  Tbue,  in  the  case  of  sulphutet  of  earhun,  Schroder's  method 
requires  tbe  addition  of  8  volumes  of  carbon  and  2  of  sulphurj  according 
to  the  tnctliud  now  under  ooneideration,  the  divisor  consists  of  twiee  the 
number  of  carbon  +  a  times  that  of  sulphur.  A  few  examples 
irul  show  ihc  application  of  this  method;  the  atomic  numbers  are  thuse 
in  table  page  5d,  column  F,  and  those  in  the  laat  table,  column  G.  The 
Dumber  in  brackets  ia  the  atomic  uumbor  obtained  by  dividing  the 
specific  gravity  of  the  compound  by  its  atomio  weight  and  reduced  to 

"  Let  Z'  Z"  be  tbe  two  ntoBoic  camtivra,  m',  thu  corresponiluLg  fncturH:  tliea 
ve  have 

1  1       Bi'  2"  +  m"  Z' 

w'  —  -i-  m"  ~  —   

7J  Z"  Z'  Z" 

z'  z" 

tbe  reciprocal  of  which,  i.e.  the  atomic  number  of  the  aofflpound  is  ^,      ^  ^ 

[W.] 


76 


AFFINITY. 


tbe  standard  of  hydrogen  goa,  as  giveii  in  the  lust  table,  culumQ  Q;  U 
scrrGG  fur  companion  witli  iLe  result  uf  iLo  cuIculuLiua. 

Zn  S  (2;J8R  .  108H)  :  (  238«  +  1.38t*)  =  878  (903} 
AgS  (1071  .  ISSfi)  :  (  1071  +  1388)  =  604  (613) 
C  S=  .  1388)  :  (2  .  filfil  +  8  .  1388)  =  373  (372) 

The  refultti  oLlaiucd  by  tLc  appHcatiun  of  tlila  method  to  ttie  mure 
inipurtfint  cwinpnumls  arc  given  in  colimhTis  H  anni  I  of  the  taWc.  Column 
H  slitiwa  tlic  facLofa  l>y  width  t!ie  tcmia  of  tlic  diviscf  must  be  tnoltiidieJ 
to  ubtttin  Afi  [ijJi'NiJciinatc  r&sult.  Tlio  numl>er  oit  tlit?  left  SLp|ilip!!  to  the 
atomic  iiumLer  uf  tbt'  cltMiient  which  first  in  thf  forrmala  in  uuliinin  B; 
tbat  on  tLe  right  to  t\i<^  dement  which  suiniL^  last  in  tlie  same  farniulu. 
Opimaito  cinnaliar,  for  inelancc,  we  fiud  I,  tide  shuwu  that  tho  product 
of  tho  iitondc  nuirdicrs  ^^^  tiiorcury  and  i^ulphur  must  he  divided  hy  tho 
atomic  number  i>f  miircury  +  -^^  of  tbtit  sulphur.  Culuum  I  givvij  tbo 
result  of  this  cii.lculiitit>n,  which  is  ti>  ho  cuHipfired  with  the  nttvmic  umu- 
bcr  ill  cnluniTi  G,  Tho  Diultigdk-rs  used  are  in  some  cases  the  »nnic  us 
tho^e  uacd  Stjliri^lor.  in  otbor*  dilfcrcnt  on  nctxiunt  of  diircrcnces  in  llie 
Bpot'tfic  gravities  a.nil  atninie  W(,'l,i;ht8  adupted  in  thecnlcuUtioti,  The  atomic 
Dumber  of  osygon  hsa  Ix-cti  oasumcd  =  42011,  that  of  hydrogen  =  1747f 
and  that  "f  nitric  iici<l  =  3f  4, 

A  survey  4if  tho  t&lile  shows  tliat  the  t«nn>9  of  the  divieijr  must,  in  by 
fjir  the  grvntor  iiuiidier  of  infitHTices,  be  multiplied  by  curtnin  focton  in 
order  Id  ohtfifii  the  diiaired  omilieuts;  mid  it  ia  easy  to  sec  that  if  wo  an 
allowed  to  niter  tho  divisnr  ny  multiplying  ita  two  terms  by  any  whole 
niimhers  or  fractions  tbnt  we  plt^c  to  assumt,  we  may  always  obtato  & 
lienr  ajiiiroiinialicm  tn  the*  dojsir^d  abtmir  ninnbcr,  whatcvLT  may  he  the 
product  (ditfiincd  by  niiilti]i]yi»g  togctlier  lh«  atomic  nninlw^ra  ftf  tJic  two 
roiiatitiiciit  elements.  The  ijanie  remark  applies  to  Srhriider'a  method  in 
its  ori^iial  r<irm,  in  which  thu  oijuivalent  volumes  hefurc  addition  may 
he  multi]ili(?d  by  any  numlRTff  ur  fmctioTifl  wluitt'vcr,  nnd  thus  any  do- 
eirt'd  enni  may  bp  produced.  The  multijdiorB  which  SchrSdor  uuod  iu  hi« 
(Mli-ulati^mfiare2,3,4,  G.  8,  15;  i,  f,  jf ;  f  |,  ^;  f  f  Vi  i- 
the  uee  of  th*»o  multijdicrs  Awe  not  nppear  tn  folh»w  auy  regular  law. 
Although  in  lookiiip  nver  those  very  rcniarkable  calculatttjns  of  Schroder, 
it  raniiot  fail  to  !>tnkQ  us  that  tlic  C(|uivalent  volume  of  a  compound  ia  ia 
many  ciiacs  obtnineil  by  eimjdo  addition  of  those  of  it*  tiemeut*,  tho  value 
60  dt'termtncd  being  very  nearly  e«|ual  tf>  that  which  rcBults  from  dividing 
tbe  atomi'C  weight  hy  tho  irjiocific  gravity,  sliU  as  the  denuiliee  which  give 
thesr  remltA  are  not  always  tho.so  dpt«rmincd  by  the  must  trustworthy 
obsorvationa,  and  ju*  in  the  greatcir  hnmbeF  of  caeos,  it  ia  iiecc«s»i!y  to 
multiply  by  the  most  varioue  numbers,  it  most  rciuaiTi  duubtful,  *o  long 
ttfi  thuHO  miillipliL-rd  ciiniint  be  shown  to  follow  any  regular  law,  whelber 
tbi^  ml><l(^  uf  calctilatioTi  ri''eta  upim  any  rational  foundation. 

n.  Finally,  I  add  my  own  mcthoii  of  rniisidmn^  these  relations, 
which  will  nt  least  serve  to  bhow  ihiit  they  ndmit  of  varioua  modes  *f  C*J- 
ttilalion.  It  may  lie  expetcd  that  in  the  rombination  i/t  3  Hndira  of  dff- 
fi-rpiil  iLtintiic  iiuiiiberHj  onu  fvf  which  tt-nds  to  the  spare  with  a  largrr, 
thi' olhiT  with  a  Hnmlli-r  iiiiiMbLT  i>f  iitorni^,  llie  result  iicliinlly  prtyduood 
will  l-e  a  mean  betwceii  the  (h  o.  Since  howct  er  a  eomjumnd  atom  oom^ 
picp  more  Bpaw  thim  a  bimph-  odp,  and  more  eb|wi'ialiy.  j»ince,  by  mwDO 
of  thf  grcsitrr  number  of  jitoma  compnping  it,  ita  attmction  for  bent  i» 
etrongrr.  and  t-auH^n  a  mort*  nbuudant  rcdiecliou  of  that  etcmrnt  around 
ii,-"tbB  iiilcratilta)  •>pa<res  will  rrom  thai  cntisebe  enlarged,  and  tho  number 
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of  atoms  in  a  given  efrnce  prnbabLy  diminishod  according  to  fixod  Ieiwib, 
TLia  diminutiuii  appears  to  vary  ne  tlie  ei|(ittre  of  the  number  of  atoraa 
wbicb  make  up  th<;  ompcjund  atom;  not  Unwevcr  eiactJy.  but  aubjecl  in 
luauy  caees  to  marked  exwptiojiif. 

TLe  following  t^xnmpl<.*a  tjocve,  as  far  as  tboy  go,  to  establish  this 
TICW,  In  the  conihiiiJitiuna  of  1  At.  of  a  nieta]  with  i  At,  aiilpbiir,  thiq 
liiw  WDuM  rc'iinrc  as  to  aJJ  tho  atmniic  numhera  of  the  metal  and  sulphur 
and  divide  the  sum  hy  4,  i,^.,  tho  sriuare  i>f  2,  gincc  the  compijuud  atom 
coiiaistB  of  2  sitnjjle  atoiris;  Imt  tho  divi.Bor  is  never  exactly  4,  and  variea 
from  3'8  to  Within  the  fjrapkpts  is  ]iiit  for  c0m]iFirL8oo  thp  atomic 

number  of  iho  ■compound  (jbtaiiied  l-y  dtviditi^  the  spociHc  gravity  hy  the 
atomic  weight  and  reduced  to  the  standard  of  hydrogen  gas. 


Sn  S 
PbS 
Ni  S 

AgS 

CiTs 

ZqS 


(1373  +  13B8)  :  3-fi 

(1218  +  1388)  :  3*7 
(3242  +  :  3-7 

(1485  +  mSH)  :  3-8 

(1071  +  13S8) :  4 

(17lil  -I-  1388)  :  i  2 

(2386  +  138H)  :  4-2 

Mn  S  (3220  +  13S8)  ; 

Cu  S  (3(146  +  138H)  :  4  6 


767  (719  to  780) 

705  [G95) 
1251  (1267) 

75(1  (762) 

6f>2  (613) 

73.9  (710  to  742) 

mt  (905) 
1U02  (1019) 

964  (aes) 


In  disiilphuret  nf  copper,  Co'  S,  2  atom*  of  metal  are  combined  with 
1  At.  KulpJtur;  in  bisiilphiircts,  1  atom  of  toHal  with  2  atoms  of  sulphur; 
and  sinoo  in  these  couiiiounda  the  number  of  sitiiplo  atoims  composing  tho 
compmnd  atoms  is  3,  tho  divisor  ought  to  be  0;  it  varies  however,  as 
foUowa: — 

Cb'S  (2.  3046  +  1388)  :  8  =  831  (834) 
Fe  {  3203  -f  2  .  1388)  :  G  =  9M  ([(72) 
Mn  S'  (  1991  +  2  .  1388)  :  7  =  681  (651) 
Sn  f  1373  +  2-13^18}:  8  =  519(5-12) 
As  S'  (      8S0  +  2  .  1388)  :  10  =  36(f  (368) 

lu  romhinationa  of  1  At.  meta.1  with  3  At.  sulphur,  tho  diviaor  should 
1)6  4  .  4  =  16  : 

AsS'  (880  +  3,  1388)  :  16  =  315  (311) 
Sb      (576  +  3  . 1388)  :  17  =  27S  (272) 
With  2  At.  metal  and  3  At.  sulphur,  thu  diviaor  aho'uld  be  5  .  5  =  25; 
Bi- S'  (2.  1024  +  3.  1398)  :  21)  -  311  {298} 

The  mode  uf  calculation  being  sutBciewtly  exhibited  in  theso  czam^ 
plea,  it  will  bo  enough  iu  thofle  which  follow  to  give  the  rheinical  fonimln, 
tho  proper  divisor,  nnd  the  resulting  atomic  number,  together  with  that 
found  from  the  sp,  gr.  (lil  bnw.-keta): 

K  I  :  3-5  =  193  (195).— Pb  I  ;  5-fi  =  995  {291).— Hg  I  :  6'3  =  305 
(303).— Ag  I  ;  6-3  =  239  (238). 

Hg"  I  :  9  ^=  262  (238). 

K  Br  ;  3  =  223  (228).— Pb  Br  :  4  =  410  (403,)— Ag  Br  :  4  =:  37* 
(37S). 

Hg-  Br  ;  8  =  291  (289), 

K  CI  :  2-3  =z  287  (285,...289).— Nn  CI  :  3-2  =  384  (3f>e).— Pb  CI  : 
3-5  =  467  (464).— Ag  01 :  3-5  ^  424  (425)^HeC1  :  4-4  =  432  (430). 
6  CI  ;  5  =  3S1  (351). 

Ca'CI  :  9  :=43l  (412).— Hg^Cl  ;  7  =  331  (323).— S- CI  ;  11  =  290 
(278).^P  CP  :  16  =  117  (117). 
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In  the  compounds  of  broTnine  and  chlorine  (the  latter  more  particuUrly) 
tho  divisor  is  too  much  below  ita  normal  value,  iroaslbly  because  llio 
atomic  numbers  of  these  corapouuila  have  boon  determined  from  their 
spec! lie  gmvlty  in  the  litjuid  Gtn,te  and  may  therefore  be  too  small.  It  isaUo 
worthy  of  remark  that  tho  divisor  always  has  Its  Euialleat  values  in  tho 
eonibiiiatioti9  of  potas&iuni  and  sodium  witli  iodine,  bromine  aud  chlorine^ 
then  fiillowe  lead,  tbou  silver  and  then  mercury. 

It  is  pussihle  iLccordin^  to  this  view  to  calculate  tbe  hypothetlcjtl  ntomio 
nuniher  of  oxygeu  from  its  oombiuationa;  but  ditlerent  eomponnds  give 
widely  different  results,  the  numbers  tbne  found  varying  from  1900  to 
4100;  and  since,  whatever  tiumber  is  assumed  &s  the  true  one,  the  oxygen 
cotflpoundB  exhibit  rolatioms  differing  from  one  another  much  more  widely 
than  those  above  cousidered,  it  aeetns  better  tu  leave  thia  hypothetical  p*rt 
of  the  calculation  on  one  aide  till  the  canscs  which  may  affect  the  magni- 
tude of  the  divisor  shall  have  been  bettor  ascortainod.  The  great  Taria^ 
tioR  In  tho  reaiilts  will  bo  eoen  from  the  following  examples;  Since 
according  to  the  law  under  consideration  tho  atomic  Dumber  of  a  metallio 
oxide  should  be  found  by  adding  the  atoinie  number  of  tho  metal  to  the 
atomie  number  of  oxygeu  and  dividing  tho  saja  by  4,  (the  oxide  being 
SHpposed  to  contaia  1  At.  metal  and  1  At.  oxygen),  it  follows  that  if  we 
multiply  the  atomic  number  of  Gucb  a  metallio  oxide  hy  4  attd  Guhtract 
the  atomic  number  of  the  metal  from  tho  prodnct,  the  remainder  will  bo 
the  atomic  number  of  oxygen.  By  treating  different  metnlliQ  oxides  tn 
this  maimer  wo  obtain  the  following  rissulta ;  Potash  ;  (62.5  .  4}  —  24S  = 
2251.  Soda;  (999.  4)  —  4«fl  --  .')520.  Oxide  of  zinc;  (1548.  4)  —  2388 
=  3806.  Oxide  of  copper;  (1795  .  4)  —  304S  =  4130.  Saboxido  of 
copper  Cu*0,  in  which  there  are  3  atoma  and  ooQae'([uently  the  diviwr 
=  a,  gives  (892  .  S)  —  2  .  3046  =  193{i. 

The  aame  method  applied  to  compoundai  of  the  Bocond  urdcr  givea  the 
following  reaultft : 

AnAydroM  Carbonaiei.  BaO,  C0'>  (ff87  +  419)  :  2-3  =  481  (484). 
SrO,  CO'  :2'3=  547  (543).— Ca 0,  C 0^  (Arrogonile)  :  2-5  =  660  (8fi4). 
PbO,CO^Z-5  =  533(:j33).— ZnO,CO';2-.'5  =787  (781 .790).— Ag  0, 
CO--  ;  2-5  -  484  (48fl).— KO,  CO'  ;  2  8  =  373  (363).— NaO,  CO'  :  2-8 
=  507  (514).— Oft 0.  CO^  (Calcspar)  ;28  =  590  (599).- MgO.  CO': 
3  8  =  Ida  (797).— Mn  0,  C  0' :  2  8  =  673  (fl«4},— Hero  thedivisot  varioa 
only  from  2'3  to  2S  ;  i\m-t  it  u  not  eqjal  to  4,  may  perhaps  ariw  from  the 
atomic  nnmbcr  of  carbonic  acid  baviog  been  cnlculaCed  from  its  vpeoilio 
jt^Tity  in  the  liquid  6tat«:  there  can  be  no  doubt  that  the  sp.  gr.  and 
Lhcrefore  also  tho  atomic  namber  of  solid  carbonic  acid  is  much  gri^ter. 

Anhtjdmm  Suljiluitt*,  Ba  0,  S  0'  (US'  -f  .547)  :  3-1  =  388  (400  . . . 
423).— SrO.SO':32=:433  (433).— Pb0.S0»:.3-3  =  451  (45l).^CaO, 
SO^  ;  3-.'i  =  479  (474).— Ajr  0,  S  0* :  3-5  =  3S2  (SWO-— K  O,  S  O*  :  3-5  = 
337(334).— NaO,  SO'  :  3-7=  418  (410).— Za O, S 0' :  4  5  =  473 (4T1). 
Wg  0.  S  O'  :  4-7  -  482  (477).~Cu  O,  S  0'  :  4-7  s  498  U98). 

Anhydriiii*  NUmtft,  the  atO'iuic  number  of  nitric  acin  being  hvpothft- 
ticnlly  aasuraod  =  300.  BaO,  NO'  (fl87  +  300)  :  37  =  2fl7  (S7l). 
Sr  O,  NO*:  S'O  ^  293  (234).— Ag  0,  N  0'  r  3-9  =  279  (2K4).— K  O, 
NO*:  4  =  231  (225,...230).— PbO,  N  O' ;  4  2  =  300  (294).— Na  0, 
NO'  :  4-4  =  S95  (290). 

In  all  thcae  ihroo  groups,  the  of  baryta  and  xtrontift  recfuirQ  tlM 
«malle»t  diviMr^ ;  then  futlow  oxiilo  of  eilver  ntid  potash,  lfa«n  ftodn,  tbeo 
nugneaia;  thopoaition  of  limo,  osidoof  Icod.and  oxide  of  sine  ii  rtrUblt, 

Bfdratft.     KO,  KO  (02.1  -t-  1834)  :  4-S  =  413  (414).— N^O, 
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4  =  558  (552),-^  0\  HO  :4'2=424  (418).— SO',  2H  0  ;  12 

nasi 


HO 

^  2r,l  (2o2).— S0\  3H  0  :  16  "  265  (27n).  These  caaea  aro  nearly  m 
•ccopdance  with  the  law;  the  divisor  of  SO",  2H  0  sLuuld  howcTer  I* 
S  instead  of  12.  Tlie  firet  hydrate  of  nitric  aciil  does  not  give  so  close  ati 
appryjtimatiou :  N  0\  U  0  (300  +  1234)  ;  .'>-7  =  269  (268).  Forgypaiim 
we  have  CaO,  S0*  +  2H  0  (474  +  2.  1234)  :  10  =  294  (298),  the  divi. 
Bor  Heiug  10  injit^ad  «f  9. 

The  law  tbus developed  may  be  expreesed  hy  the  following  formula: 


„  2"' 


in  wliicli  Z'  denotes  tlie  atomic  number  of  the  first  eleniont,  Z"  that  of  the 
second,  Z'"  that  of  the  componnJ,  ir  the  number  of  atoms  of  the  first 
element,  3/  that  of  the  ^cond,  which  make  up  the  compound  atom.  In  the 
application  of  thLa  law,  striking  deviiititnia  aro  apparent,  as  may  be  aeen 
from  the  foregoing  calculations.  The  moBt  remarkable  e:£ccption  is  pro- 
fiented  by  sulplmret  of  carbon,  CS^;  {Qm  +  2  13H8)  !  25  =  369  (372); 
Iiere  tlie  diviaor  is  25  instead  of  9,  as  if-tliB  nunib^r  of  atom-9  in  the  com- 
pormd  were  5  instead  of  S.  Even  iiUowing  that  many  oxfloptione  Tnay 
atiae,  partly  from  orrora  in  the  eufipcised  atomic  weiglita  of  the  simple 
fiubstances,,  partly  from  incorrect  deterrainatioiiB  of  the  specific  gravities 
of  these  fliniplo  siihstauce3  amj  tlieir  cutiipouuda,  the  law  tiiu§t  atilt  be 
looked  Upon  1L8  far  from  the  truth ;  it  must  needs  he  modified  by  many 
crrcumsl^inces  of  mucli  greater  iniportniice  than  those  just  noticed,  and 
not  till  these  cireumstimcea  LaTe  been  discovered  and  reduced  to  calcuW 
ton,  sbnll  we  be  able  to  regard  thclaw  im  establijihed  on  a  proper  founda- 
tion. Tbo  [Uflorent  degrees  of  cohesion  in  compoumU  and  their  elemonta, 
and  their  different  attraction  for  beat  wonld  probably  be  found  of  parti- 
cuhir  importance. 

It  is  to  be  wished  that  tliia  matter  could  be  Bubjectcd  to  careful 
matbematical  itualyflis :  the  foregoing  table  might  runiij^h  the  required  data. 

T  The  study  of  the  relation  between  ato^mic  weight  and  denaily  has 
oeived  some  important  ailrlitiono  ainco  the  publication  of  tbe  last  e<lition 
of  this  work.    Of  the  reeeftrches  of  Kopp,  Scliriider,  Lbwig,  and  others  of 
the  continental  ehemiete  iin  elaborate  account  ie  given  in  the  report  of 
Professor  Otto,  a  tranalation  of  which  appears  in  the  volume  of  Reports 
nd  Mcmoira  lately  brought  out  by  tbe  Cavendish  Society.    The  recent 
memoir  of  M.  Filhol  (A^,  Ann,  Chirji,  Phift!..  21,  415),  included  iu  the 
Mine  volume,  likewise  givea  a  review  of  the  labours  of  provioujf  esperl- 
i^enters  in  this  bra.nch  of  sciencOr  and  adds  some  inleri^sting  results 
btaincd  by  tbe  atitfaor  himself.    I  shall  here  notice  some  of  tbe  leading 
^inta  in  M.  Filhol's  memoir. 

The  author's  caJir^ulations  are  foumlcd  on  the  following  atomic  weights 
ftod  densities, — the  latter  determined  by  bis  own  experiments. 

Atomic  Weights  (0  =  100) 

Maj^cBiuni  •  ■  ■     15  7' 75 

Manganese   344-44 

Mercury    1SS0-90 

PoUssimn    4S8-84 

Silrer   1349-01 

Sodium    287-1? 

StrontiniD    545-60 

Sal|.liur   ..  200-00 

TEn   ;3503 

Zinc   406-59 


"Diik   854'S5 

dmiani    696-17 

Icium  ,   250-00 

bon    7&-00 

hliirine   443-02 

bromiain   249-83 

ppcr    .lue-oo 

0    1585-.S7 

  35000 

  1294-aO 
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Indi^iunit   ■♦■ZSfl 

Arwnioui  imid    3"f94 

Arsenic  BPid   4*250 

ProtMriJe  of  barium   

„       airontmm   4-611 

„         csdcinm  ...>  

„       ilumiiiuin  ' .  ■   4-1 M 

„       Kinc    5  (il2 

lead   9-361 

tll-oii ile  of  C"|i|>'"i'  Cblaok  oiid«r)  . ,  6'322 

AnhjfdrOQS  chkoridc  of  [toCuMmin  . .  1  '994 

,.  .,       Boclium  ..  2'210 

„  ..       barium  ..  3  750 

,,  „       ilrontiiiiii  „  S  flBO 

„      CHldam  .... 

iron  (PeCl)  2  A28 

Iodide  of  fotassium    3-056 

„      sodium    3'450 

„      bnriQm   4-917 

XttA.   6  384 

mercury  (Hjl«)  6-250 

hWct    5-500 

MoQMulpbuiwt  of  potuiiuiD   2-150 

,,  sodium   2'471 

Cu-r>oiMte  of  potash   2'26; 

wd   2-&09 

„        buyia  ■.   4'565 

Anbydroiu  lulphate  of  potub  ....  2-02.^ 

„  „         soda   2  eZ9 

„  „        itrontla   37"0 

„  „       lime   n-lD2 

if        rua^nr&ii  2-628 

line   3  -iOO 


AciJij-drous  siilgihntc  of  copptf  ....  3*1 

,,  „         iron   1-1 

silver  

le«l   s*; 

Nitnte  of  scidK  ,   1-34 

„      barjU   3*: 

„       «troBtia   2-»a 

lime   2-MI 

„       lead   4-&8] 

Hydrate  of  (lotuh   3'0I 

aoda    2-15 

barrU  (BaO.  HO)..  4-4S 

„         strontia  (SrO.  H  O). .  3'6a 

baryta  (BnO,9HO)  1- 

■tronda  (SrG.SHO)  1-31 

rinc    3-< 

,,        linnB    I'M} 

Crjnjtallirw]  i'Uoride  of  bariam  I'M 

,,       Htrontiam  !■ 

,.,  ,,       colriuin  . .  1- 

11  ,,       miigncaiiun  I'S! 

I,  ,1       Iran  ....  I* 

CryaCalSiud  nilpliBta  of  Mdia  .... 

1.  .,        liioe    2-331 

II  M         NiagtitfalD  .  \'ti\ 

^,  aXamina..  I'&S 

11  ,.       iron    1-9(1 

..  .,        linr  ....  2-03 

..  TO]iper  .,  2-lS 

Cry lUllhed  mtritv  of  strontu. ...  J"J  1 

.1  II      liufl   1-7S0 

Anhj'draDii  bons  .......... ....  2-367 

Cryataltiaed  bor«   .,  HiM 


MMt  of  lliiPM  (icnsitics  agree  very  well  with  thnae  fomiPrly  dtrtcrmmw! 
by  BoitUay,  Mots,  Karsten,  &c.,  hut  there  ftrc  dolnc,  f-ff.-,  those  of  Lnryfat 
and  Btrontifl,  which  differ  ooneiderably  from  former  LlptcrmitiBtioiid,  as 
will  he  seen  hy  r<?fcrciice  to  the  tabic  ]jp.  fi8  . . . .  72.    Now  it  hb«  h«M>^^ 
itiown  hy  Kopp  that  nil  tlie  uieUla  enti^riiito  comhinatinn  without  chun^^^f 
nf  Tolumc^  with  the  excc[ition  4)f  pntnssium,  Koilium,  bBriuin,  strontiunit^^ 
mnj^Mintn,  cakiuni  ami  aluininuiii.    With  regianl  tn  bnrium  and  ^Iron- 
tinm,  it  iim^t  bi3  oWrvcl  that  thc^  voluniee  which  Kopf  n^igneH  to  ihoM 
metals  wore  derliicod  from  the  PTwifio  gravities  «f  baryta  and  Rtrontu  u 
detenuint'd  by  Karsten.     Filhol  however  shewe  that  hy  adopting  tha 
den^iti^R  cItcii  iti  tbo  preceding  table,  hnritim  nml  strontium  may  be 
rnnovt-H  from  tho  lUt  of  exceptions.    Thua  (he  density  of  baiyta  Doing 
."i  Jin,  il«  p'liiivaknt  volumu  td  V^T^'  =  fstimatmg  the  ToIoBM 

of  oxygon  in  thcsip  nxidea  at  32  (Ko]ip,  N.  Ann,  Chtm.  Phyt,  4.462) 
have  for  ibo  cflHivalciit  vnlume  of  bBrinm,  17-'  —  32  =  143.  Similarly, 
ff.r  Biroiitiuni,  the  ftquivale-nt  volmne  of  dtrontin  Wing  V^Itt"  —  I**** 
pr|titvB.loiit  volume  of  the  iiiotal  ia  140  —  32;=  108:  ami  lhe»o  aro 
Vfiliimffi  with  which,  according  to  Kopp.  the  metale  barium  and  8troD(iu~ 
enlpf  into  "thcriTinihinattfiiia. 

SirliriVdcr  \\ae  remarked  that  if  from  the  rt|tiivalcnL  vitlitrnfts  of  a 
of  analo^ouA  Foinpoumls  (oxides,  chloriitoc,  &r.)  the  volume  of  ono  of  t 
elvmenU  be  deducted,  a  crrnslant  renminder  i«  nflmt  oblaineil  for 
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element  common  to  iho  wliole  scries.  On  applying  tlila  process  to  nitrato 
of  silver  ftnd  ntlrate  of  lead,  ami  deducting  tlio  ciiiiiva.teat  vuluiiics  of  the 
UK'tals  contained  in  these  «;ilLs,  a  conatftut  remninder  358  ia  left  fgr  tbg 
radical  N  0\  If  on  tlie  otlicr  hand  the  equivalent  volqniea  of  the  oxidvs 
be  deducted,  the  silver  aalt  glvea  for  N  tlie  reiiuiiiider  294,  and  (ho 
lead  salt  32G.  Kopp  regards  this  aa  an  argiiinent  in  fiivour  of  tbe  tLcory 
of  hydrogen -acida.  Filliol  however  slinw*  by  uuaierous  cxamplea  ttat 
with  regard  to  ac^onsidcrable  number  of  salts,  the  eahtraction  of  the  voJurae 
of  the  biLSG  leavf^s  a  eonatant  residue  for  the  oxygen  ftcid.  Thus  sulphuno 
aeiJ  appears  to  have  two  different  volumes  in  conihinatloH  ;  the  snipljatea 
of  lead,  ho-rytfi,  potash,  and  strontia  give  for  SO^  the  remainder  154, 
thnae  of  copper,  Einc,  lime^  nmgni?aiA,  and  Boda  give  204.' — The  chromatej 
of  lead  and  putnsli  give  for  Cr  0'  the  remainder  1 IJ6, — The  tungstatea  of 
lead  nml  linio  give  W0''  =  212. — Tho  carhonatca  df  cadmium,  iron, 
niangancEe^  lead,  zjiic,  liaryta,  liiue,  magnesia,  potash,  soda^  Btrontin,  and 
and  the  douhle  oarliotiatc  gf  lime  and  magnesia,  give  for  carbonic  acid  the 
volume  119  J  and  lastly,  the  nitrates  of  lead,  ammonia,  potash,  soda,  baryCa 
and  strontia  give  for  N  0'  the  vulimic  326.  The  distrepaiicy  which  ouuitra 
in  the  case  of  uiLrata  of  silver  ie  attributed  by  Filhol  to  an  error  in  the 
detcnuioation  of  the  density  of  oxide  of  silver  On  the  whole  therefore, 
the  resuUs  of  these  calculatioue  cannot  be  regarded  as  decidedly  favour- 
able to  cither  theory  O'f  the  constitution  of  9a\U  ia  preference  to  the 
other. 

Filhol  likewiw  points  ont  sonic  remarkable  rektiojis  with  regard  to 
the  ebaxge^  of  vuliuno  which  t:iko  place  in  comhinntion,  Thu.><  witU 
re^rd  to  tlie  chlorides  :  lot  I'  denote  the  atomic  weight  of  chlorine,  d 
ila  density;  P*  tin;  atomie  weight  of  the  motal,  d'  ita  density  ;  and  A  the 
den«iity  of  tho  chloride  on  (lic  aapposition  that  the  oleineiit^  unite  with- 

,    ,         ,  (P  +  F)  dd' 

out  change  of  volume:  then  A  =  ~p^f^~p%r 

f  If  BOW  D  denote  tho  density  of  the  chloride  detcrniiued  hy  experiment, 
we  alwaya  find  D  >  A,  and  — g-^  cjtprcsaea  tho  coefficient  of  eon- 


j^Mraction, 
^    The  s 


The  ^ame  method  is  applicable  to  other  Compounds  (Hulphates,  carbo- 
nates,  &c).  Tlie  following  tattle  contains  a  aeries  of  tesulla  obtained  in 
this  manner.  Tlic  density  of  chlorine  id  estimtttcd  at  1-35,  being  the 
nieau  of  the  results  obtained  by  Faraday  and  Karsten,  vii.  1'33  and  1'38; 
that  of  cUrhonic  acid  at  0'63. 


NsiDiS  of  Campnund. 


by 

Ciil  ['Illation, 


2'82S 
2  2I1G 
1'702 

3' 920 


Density 
by 

Experiment. 


1-  90i 
2  240 
3-750 

2-  »G0 
2'240 
5-^4 1 


of 

Coutrai^iiun. 


0265 
0.234 
0-240 
0-291 
0  291 
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Name  cif  Cofflponrul. 


I>eDdty 

by 

CilculHtinn. 


EiperimenL 


of 

ContrartMtL. 


S.  Sulphate*. 

Ma^eiEs  

Zinc  

Copper.  

BaryU  

Stronti*.  

Lira*  

Lcmd.  

Baryta  

Slrontia   ,  

Lien?  ■  

Lud   

Cadmialn  

MagapjU..  .f  ...... 

Mangan»e  

Zinc  

4.  Hifdratn, 

Baryta  (B>  O,  H  0)   

Stronlia  (SrO.  H  O)  

Ume  (C*  O,  H  O)  

Mii^Leai«  (Bronte).. ,,  

AlvininB  (Gjpnitel  ,.  .. ^4, 
Alamina  (A!iO>,  SUO)  .... 

Zmc(ZnO,  HO)   

BurjtM  (BaO.  9H  O)  

Stronti»  (Sr  O.  9H  O)   

ft.  Cryilallittd  SnIpiaUt. 

Soda  

Hi^Detls  

LlKB   

S!lnc....  

Iran  

Copper  

«.  Cryitallixed  Cktoridtt. 

Strontinm  

Sirium   


2'2GG 

2-  920 
2  BSI 

3-  901 
2-366 


2-566 
1*049 

3491 

1-264 
IHSO 


3:is 

2-989 
2-292 

2-  400 
l-7Hfi 

3-  434 
2'2»B 
1-911 


1-520 

1-  ?5l 

2-  331 
2'03fi 

1-  901 

2-  286 


1-920 
3-JGO 


2-  G2S 
3*400 

3-  530 

4-  440 
3-770 
3-102 
6-300 


4 -ACS 
3-610 
2-720 
6-470 
4  165 
2  96C 

4  445 


3  025 
207* 
I>y20 
1989 
l>4!i<l 
3'O.U 
1'6A(> 
)-39e 


1873 

1-  434 

2-  «9y 

1-658 
1-546 
1-829 


2  GIO 


0-137 
0  110 

0-152 
0  236 
0  2.'MI 
0  245 
0-219 


0437 
0-4fiO 
n-477 
0-459 
0-3(10 
0-563 
0  6&7 
0  681 


0-l,-2 

iiirs 

0'0!II3 
0-UB 
0-171 
0  11(3 
O'llO 
0-2:6 
0269 


l>0«3 

1HW9 
0171 
9  19« 
0I«9 


0K.3 
0  105 


It  -wil]  be  seen  from  tbis  table  that  in  a  vpry  large  Tmriiln'r  of  raw*, 
iodcpcmlently  ttf  all  livyiutln'tiiH,  lint  poeffiicif ntH  of  roiitnirtioi)  of  lliow 
coniftouDiis  which  inot^t  btrongly  rc^enililc  out;  aouUicr  in  a  chemical  puint 
of  n«w,  are  Bensibly  the  sniiic. 

It  insiy  likowiso  be  obeervi-d  thnt  ill  n certain  nuniWr  of  casm  the  rmtio 
betWMA  tlio  caknUtetl  dvnaitics  of  certain  romjraandis  of  the  sune  khiil  {a 
lh«  same  that  which  exi&ts  bftweeii  the;  densuiee  determined  by  exprri- 
mcnt.  II«Dce  we  mar  calculate,  d  priori,  the  di-nBitioe  of  oertsia  siilti 
according  to  those  of  their  clement^  and  thnt  of  a  «alt  of  tho  eamo  flpeoiM 
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liaving  a  close  analogy  to  the  former  :  In  sucli  a  case  ve  hare  in  fact— 

A  :      : :  D  :  lyj— thus  for 

^  Chloride  of  snJinm  A  —1  '169,  D  =  2  24 

IP  „        potftefiiutii....  a' =1-009 

sod      1-169     :     1-039     ::     2  24     :  1990 
The  density  of  the  latter  salt  by  CTperiuient  ia  \  -99i  (vid.  p.  80);  accord- 
ing to  Karat™  it  is  1'915,  according  to  Kopp,  1  ■945. — Again  for 

Sulpfaate  of  baryta  A  =  3  393,  D  =  4-44 

^  „        Htrontia  ....a' =  2-901 

P  and     3-393     :    2-901     : ;     4-44  3-796 

The  erperimeiitftl  refiiilt  ia  3'77;  Karsten  makea  it  3*59,  Breitbacpt  3-95. 

Other  example!?  itiig'bt  be  adduced,  l>ut  the  relation  thus  derGloped  is 
p,f>t  sufficiently  geoei'al  to  con&titiite  a  law. 

In  cQncluQioii,  M,  FilhnI  remarks  that  the  subject  of  the  relation 
between  atninic  weight  and  de^nsity  le  net  so  far  advanced  as  Las  been 
imagined, — that  it  la  easy  by  slightly  altering  the  mioiliers  which  form 
the  bases  of  these  calculations  to  obtain  results  of  rery  fascinating  uni- 
formity: but  this  Very  cjrcumiitancB  ought  to  create  diatriiBt  of  eucll 
results;  for  it  is  extremely  dlfEcult — considering  the  great  number  of 
cnusca  of  error,  often  inevitable,  which  beset  these  caleulntioss' — to  attain 
that  degree  of  exactness  which  apiiarently  belongs  to  many  of  the  results 
which  have  been  put  forth  in  connection  with  this  subject, 

A  serieA  of  elaborate  memoirs  on  atomic  volume  and  specific  gravity 
has  been  published  by  Me*ira.  Playfair  and  Joule  in  the  Memoirs  and 
Quarterly  Joufnal  of  the  Chemical  Society  of  London.  (Chem.  M mi.  2, 
477  ;  3.  54  and  139;  Qu.  J,  of  Chort.  A'of.  1,  121,)  The  principal 
results  contained  in  these  memoirs  are  as  fotluwa. 

I.  3V  volumes  of  mlta  in  Bolvtum  art  either  equal  to  each  ether,  or  are 
mnltip/ea  t>ne  rftke  other. 

If  9,  the  atnmie  volume  of  water  (atoniEc  weight  of  hydrogen  =  1)  he 
assumed  as  the  standard  of  comparit^on,  this  law  may  also  he  thus  expressed; 
Compounds  dissolved  i«  taater  increatc  itA  voliLjae  eitlter  9  or  muUi- 
pU«  of  9, 

a.  Certain  salts,  auch  aa  the  ma^esian  aulphates,  the  alums,  &c,, 
di^olve  in  water  without  increasing  'its  bulk  more  than  is  due  to  tlio 
lt([  tie  faction  of  the  water  which  they  themeelvea  contain. 

t,  Anhydroua  snlts,  or  salts  containing  a  small  proportion  of  water 
occupy  in  solution  a  number  of  volumee,  which  pass  along  with  them 
unchun^d  into  tiicir  union  with  other  ealts. 

c  The  Tolume  occupied  by  double  salts  when  dieaolveil  ia  (with 
certain  exceplioiu)  the  sum  of  the  volumes  oceupied  by  their  coaatituents 
when  separate. 

II.  Tlie  volimts  of  toUd  bodies  bear  a  itimpte  7'elatiojt  to  each  other, 
lein;f  mnltiplejtaf  a  certain  aubvinUiple,  of  the  volume  of  ice. 

The  density  of  ice  aa  deteriulned  by  Playfair  and  Joule  ia  0"91S4, 
which  agrees  aInioBi  exactly  with  the  number  0-9180  determined  by 
Drnoner  (iV.  Ann.  Gkim.  I'hij/i.  14,  3fi9).  Hence  the  atomic  volume  of 
iw  =  s  J  =  9  8.  This  being  determined,  the  Bubmultiple  in  question 
adopted  l>y  the  authora  ae  the  unit  of  volume  for  auVuls  \>i  =  l-'295;  so 
that  the  atom  of  ice,  comsidered  as  a  globe  or  cube,  will  have  twice  the 
linear  dimeoeions  yf  the  atom  possessing  this  nnit-vulume..  In  Bouie 
ses  tlie  voliunee  of  solid  bodies  correspond  more  tiearly  to  multiples  of 
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—  0-C125  tlinn  oE  1-225  itaelf :  but  these  cases  boing  comparalivelpr 
few  are  roganleil  ns  exceptional.  The  following  tabic  ^riveB  the  atomic 
volumes,  &c.  of  some  of  the  metaLa  m  a  finely  divideJ  atato;  aieo  of 
flowers  of  eulpLur. 


Name, 

Atomic 
Weight. 

Volume 
by 

rxperitnent. 

1-224 
u 

Unity- 

Volome 

bjr 
theory. 

Sp.  Gr, 
by 

Sp.  Or. 
by 

Cnp[>nr. 

31 '65 

,1 

3-675 

B-612 

Cobalt  

a- 70 1 

3 

3-675 

8*0-17 

7-9S9 

IfMcel  

3-782 

3 

3-fi;i 

7-832 

27-ltil 

3-BI2 

3 

3-075 

7-39(t 

7-]  30 

37-67 

7-aoa 

7-350 

5-230 

Sulphur   

1603 

8-380 

7 

1-870 

1-913 

FlBtinum  

*i 

17-9^1 

17-706 

Urmiam 

217'2fi 

21 

25-725 

6  145 

8-425 

MigiwiitiiD  .... 

12  09 

5-665 

*i 

5-512 

2' 302 

2-240 

The  volumes  of  the  nif  tn.li4  in  their  more  cnmpnct  sUito  do  not  ncounL 
yory  well  w"i|b  the  liiw  aljoTO  8t(it0<i,  probahlj  fruni  the  tfffjCt  of  cohc- 

The  voliini*  of  iKe  nm^esiAD  oxides  in  thoir  most  odmpact  atato,  ia 
fftund  to  be  very  nciirly  5  \  1-223  =:6'12.  Heiiot  tliat  of  osygen  'm 
tb«sc  oxiJea  rauat  he  2  x  1  '225  —  2-45*. — Now  tlio  volume  of  saJpbur  U 
8*57;  cotiBeqoently,  that  of  sulphuric  acid,  S  O'',  will  be  »-j7  +  3  x  = 
IS'&i,  A^iii  the  mcao  fip.  gr.  of  sulphate  of  smln,  as  determined  hy 
Tariuus  exfierimeiitors,  la  t\m  givea  27 '9  for  the  atoiiiic  roliirue  of 

tbat  aalt;  and  deJitctiTi^'  IS-O  thn  v&titiiic  of  sulpliuric  nPid,  wc  ba\-e  12  fur 
the  ittoiiiio  rolumo  uf  soibi:  this  ia  niiariy  lU  x  r22j  =  1^23.— Tbo 
Tolunio  of  potaali  (deduced  from  the  ep,  gr.  2-7 jfl  dolenuined  by 
Karsten)  ia  I'  jj,  which  ia  not  fur  from  14  x  1-225  =  — 
Tho  volume  of  auli^-'droua  sulphate  of  ainmouln  is  39'2  {V/itm  Mnn. 
2,  428),  fmra  which  deducting  l5-y  for  the  ucid,  wo  bavo  left  23  3 
U  iho  Tolunio  I'f  oxide  of  ammoDiuni,  This  is  very  tieiirly  18  x 
1'225  =  2a  27, — Aluiiiinuni  {\%a  a  density  of  2-5  (WaJilcr) :  tbiif  g-irra 
S'47  for  il8  atomic  voluiiiv,  making  it  nearly  equal  lo  4^  X  1'22,5  or 
6"5,  Chroitiiuiti  hiM  the  dcasity  51  which  ]niik««  its  atomic  vol u roc  = 
and  udmiitiiig  tbat  iii  the  epsqut-oviJe?  uxy;E<'n  ouicr^  with  tho 
volumo  y  X  1*225  =  3 -87  J,  we  shall  have  for  tho  voluince  of  alumina  and 
oxid«  of  cbronium  5-51  X  2  +  3-C75  x  3  22-0.5. — Sacjui-oxide  vf  iron 
bcin^  isomorpboua  with  alumina  atiid  oxide  of  clirouiium  iXa  volume  in  com- 
bination may  likewise  be  assigned  as  22-0,i.  Tho  n^aao^  for  sclcctiiic  the 
particular  resultti  dctnilt-d  in  this  para;?raph  will  be  iccn  immediately. 
Tho  volumcA  nsfti^i^npd  to  uliimiiia  and  tlto  fwaqui-oxidcs  of  iron  and 
ohrominni,  niu^t  Ik.'  rc^rdcd  oi;  to  a  consideruble  extent  hyjK>tbetical. 

IIJ.  In  highly  hyJmteJ  saltti  the  water  of  cryGtalLzatioD  always 
ocoupim  lb«  vulunio  of  ice, 

a.  In  llie  elaxa  of  liydrated  nrseiiintes  and  pKogpIialcs  with  24  atom« 
of  water  of  crystalliwlion.  and  Sii  carlmiiate  of  noda  with  10  atonw  of 
water,  neither  acid  nor  hii80  occupies  any  appreciable  Bpace,  tho  volume  of 

*  1U*  igrKN  ttTf  t,w\j  with  the  nnmbfr  %%  iiucned  bv  Kntip  <wkow  mnben 
■n  hu«d  on  th^  oifEen  tcale  ol  Alomk  veirhli)  for  Ih*  atomic  volume  of  oxrnn !  for 
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the  salt  being  tho  eame  u  Lbat  of  the  water  of  cryitaUiiation  rozen  into 
ice. 

l>.  In  cane  md  milk-sugai  the  carbon  ceasee  to  occupy  epacc,  the 
hjilrogeti  and  oxygen  taking  up  exactly  the  space  of  tho  correBpODding 
(juantfty  of  water  frvzen  into  ice. 

These  results  are  exhibited  in  the  fgllo-wing  table.  It  is  cepecialJy 
remarkable  that  in  the  ordioaiy  pbiispliftte  and  ajsealate  of  so'Iaj  tae  atom 
of  basic  Water  disappears  ae  well  hs  the  two  atoius  of  soda. 


Ktme, 

a  "S) 

<E= 

a 

b  a 

Ec 

3  a 

1  = 

Es 
s  g 

*> 

|| 

•a  S 
</>  3 

CiiftH'DateofiuEU 

NaO,C  O*  +  IDH  0 

143-4 

98 '6 

la 

SB'O 

1-4153 

1-454 

PUoDlihAle  a  r  soda 

2NaO,HO.PO^  +  24HO 

35  9  1 

235-5 

24 

235-2 

1-527 

1-525 

Sub-phoapliate 

3NaO,PO*  +  24HO 

m-a 

235-2 

24 

2S5  2 

1-622 

1-622 

of  soda 

ArBcnintc  of  sodfl 

2N«  0,  ilO .  Aa  0' + 24H  0 

402-9 

232-0 

24 

235-2 

1-713 

1-?3G 

Sub-araeQi3.te  of 

3NaO,  AsO'  +  aiHO 

435-2 

235 -G 

24 

235-2 

1-808 

l'Ba4 

soda 

Cane-sugar 

171 

107-4 

11 

107-8 

1-566 

159S 

MUk-fUgKr  ,, .. 

C**  II**  0" 

360 

2U-7 

235-2 

1-531 

1  534 

IV.  Another  class  of  salts  including  nil  the  hydratcd  nis[;iiearRn 
Bu]j)h!!tea,  sulphate  of  alumina,  horar,  pyrophuapEiata',  of  soda,  and  the 
atoms,  poaseea  a  voloino  made  up  of  that  of  their  bnsea  and  of  their  eoliJ 
wa-torj  thtit  aoida  ceaeiiig  to  be  recognizable  ia  spuce. 

Table  A. 


blla. 


8iitl|ih>.l<' of  copper  . . 
SulpliBla  LifKiui;  .... 
tiiilpluitA  of  uaguuis 
SiJp)l*lf'  of  trtin  ..  . 
SulphnLe  of  ■ticb'sl  . , 
Siilplialc  vf  oodn 
Suliiliale  v(  - 

Bibonte  vr>ud«  

Pyr«|ilia>|iliale  ofi  nU 


-a 

EJ 

8 

a  . 

FariLi  Ills. 

s 

n  * 

'4 

111  s 

CO  >■ 

1 

-(» 

t  ^ 

CiiO.SO'  +  «H  O 

-le-tx) 

613 

317 

HlOl 

S-370 

ZnO.SO'  +  7UO 

flHO 

:v7a 

]  sin 
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It  will  be  seen  /ram  these  tubles  that  maDy  salts  contain  one  atom  of 
water  of  crystnlli Kation  for  every  uait-voLume  iii  their  bii«e.  Thus  sul- 
phate uf  alumiiia  podeeasoa  IS  atoms  of  ivattr,  and  the  vduaie  of  its  lui^o 
ia  18  X  V225.  Sulphate  of  sodit  boe  ten  atoma  of  water,  and  the  volume 
wf  its  haso  is  10  x  1'225.  Biborato  of  eoda  also  crystallizes  with  !U 
atoRis  of  water.  Tlie  maguesian  sulphates  generally  cryalallize  with  7 
atoms  of  water:  of  theso  Lowovor  2  atoms  are  united  by  a  much  less 
powerful  affinity  tlian  tho  rest,  being  driven  off  by  a  heat  of  212%  and 
even  uudcr  certain  circumstances  escaping  in  dry  ait  at  ordinary  tempe- 
raturea.  Tbo  number  of  atoms  of  water  essential  Ui  the  crystalli«ed  «It 
may  therefore  be  estimated  at  5,  which  is  the  actual  nninber  ccnl^iied  in 
the  ordinary  crystals  of  sulphate  of  copper.  The  volume  of  the  haeo  of 
these  salts  is  5  >c  I  "225,  Now  the  volume  of  Solid  water  being  &*S  and 
the  unit-volume  of  the  Ikiso  r225,  it  follows  that  the  volume  of  the 
mit  fin  which  the  acid  dots  not  ajij>car)  must  be  a.  multiple  of  fl*8  + 
l-?25.  that  is  of  11-025,  In  tUo  lirst  (leriea  of  reecarchi'a  by  MeaBTB, 
Playfiiir  and  Joule  {Chem.  Mem.  vol.  ii.  p.  401)  numerous  Uibles  areg-ivt-n 
sluiwinj,'  that  iii  many  cliwses  of  ealta — sulphates,  chlorides,  oxalates,  &a 
the  Yolunko  in  the  isulld  etatc  is  a  uialtiple  of  1 1  or  of  some  number  very 
near  ft.  The  explanation  of  this  fact  is  contained  in  what  ha?  just  bevu 
elated.  T 


b.  Stais  o/ Affffreffalian. 

A  compound  is  at  ordinary  temperature* either  flolidjUq;uid  orgBseOttL 

I.  A  solid  compound  may  ho  fonaed: 

T.  From  two  gtLSts.  Condensafidn. — Hydrochloric  acid  gas  foniie  a 
solid  compound  with  amnioniacal  sua,  viz.  eabanmioniuo. 

2.  From  a  gaaeouB  and  a  li*)iiid  body.  Absorption. — Mercury  ahsorhs 
chlorini;  and  oxygen  ga-^e?,  foruiiu^  aolld  compuiinils. 

.1.  From  a  ^^nscoua  and  a  aolid  body.  Absor-jHiun  a^in. — Iron  aud 
other  Holid  metala  absorb  osygen  gaa,  and  hydrato  of  eodn.  abborbe 
ciirbonie  a«id  gae, 

4.  From  two  liqmda — Mercury  and  bronune. 

5.  From  a  liquid  and  a  solid. — Mercury  forms  eoUiI  anuilpLm^  with 
aevonil  metala;  burnt  lime  mi^ieil  with  it»  weight  of  water  crunil>les  la 
eolid  hydrate  of  lime ;  burnt  Kyp»iiui  mixed  with  water  hardens  into  tho 
elate  of  gypsum  combiued  with  water  of  crystallizution. 

6.  From  two  solidn,  gcnei'itlty  by  fusion.— -The  combinations  of  metala 
with  on«  another  or  with  Bulphur, 

II.  A  liquid  compound  may  be  formed; 

1.  Frotd  two  gns6e.  C'oridrjuaCmi. — Hydrogen  and  oxygon  gMM  eooi- 
hino  and  fumi  water. 

2.  From  a  j;aft  aud  a  liquid.  A  hanrpfirm.—Vt  nler  absorbs  hydro- 
chloric aciJgaa  forming  xolutiou  of  hydrochloric  arid, 

3.  From  a  gsia  aud  a  eolid,  Aft*iir]i(i'iTi. — Aracnlc,  atitiiuouv,  or  tin 
r1#  chlorino  ga«,  forniing  a  lii[uid  uiotjlltc  chloride. 

4.  From  twfv  liqui^ls.  MiJ-tuiY  in  iu  twst  eonjtneU  acnee. — Water  and 
alcohol;  Bulphurrt  of  .narimn  and  chloride  of  ntiljihur. 

5.  From  i>  solid  niilmrnnru  nnd  one  that  is  liriiiid  at  the  ordiiiarv  ur  a 
•ontowhat  higher  tuiuiKraturo.  Solution  in  the  uyI  tony,— Salta  and 
water,  mmphor  and  npirtt  of  wine,  imlphur  and  fatty  mattori,  \m/i  aiHl 
morcurr. 

8.  From  two  •olid».  — Soraotinies  in  the  cold,  u  comoioo  mlt  und  ice. 
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|bi^mDtb-&ma]gAm  and  lead-amaJgam ;  Bometimes  not  below  a  red  boat,  as 
[carbon  and  sulphur. 

lU.  A  conipuuud  guaeouB  at  the  ordinary  temperfLturo  and  pressure  of 
Ltbe  air  arises  only : 

1.  From  two  periuanent  gasea. — Hydrogen  and  cblorioe. 

2.  From  a  permanent  gas  and  n  liquid. — Hydrogen  gas  and  bromine, 
y.  From  a  permaneut  gad  and  a  aolid. — Hydrogen  gaa  and  sulpbur; 

oxygen  gaa  ana  carbon. 

Since  no  compound  which  is  gaseous  at  ordinary  preBBures  and  tompe- 
[laturca  ia  ever  formed  liy  the  combination  of  two  liijiiida  or  two  eulida  or  a 
iBolid  and  a  liquid,  while  on  the  contrary  aolid  and  liquid  cunijHiunds  are 
[formed  by  the  union  of  two  perinaneut  gases,  it  may  lie  sarmiHed  that  if 
jsny  of  tfie  hitherto  undecomposed  bodies  are  really  compound,  auch  will 
Ij^robeLhly  be  found  among'  tbe  solid  and  liquid  clacaea. 
I  The  less  completely  the  mutosl  affinity  of  ponderable  bodies  lis  satisfied, 
\vT  iu  other  words,  the  less  complicated  tue  combinations  which  they  form, 
(the  alronger  18  their  attraction  for  heat  and  the  greater  their  elasticity; 
Ethoao  elements  which  are  gaseous  under  ordinary  cirCunistanceft  have  also 
[on  an  average  the  smallest  atomic  weights. 

c.  Crs/itaUine  Form. 

The  crystalline  form  of  a  compound  probably  bears  a  definite  relation 
'to  that  of  its  elements.  Such  a  relation  however  h&a  not  yet  been  eom- 
[pleUfly  traced  out,  partly  because  the  crystalline  forms  of  many  important 
Edenteats,  oitygen  for  inatiiGce,  arc  unknown, — p<trtiy  because  one  and  the 
Fitiune  enb^tance,  simple  or  compound,  often  assumes  one  or  another  cryntal- 
fline  form  accordiiij;;  to  circumatancca,  i,e.  exhibits  Dimorphism,  (q,  v.J 
IThe  existence  of  euch  a  relation  ia  however  apparent  ffoni  the  facta  by 
Ivhich  Mitschcrlich  h&s  e^tublitihed  Lia  important  theory  of  Jgomorphinn. 
[The  term  hftmorphaus  in  its  widest  sense  nppltea  to  those  bodies  which 
[can  replace  one  another  in  a>  compound  without  producing  any  alteration 
Lin  the  crystalline  form  of  that  compound,  e^ccept  small  angular  diiferences. 
luch  buJiea  may  be  divided  into  the  following  groups. 

A.  Snbttances  whicA  are  isomo^'phous  bath  in  the  sep^lraU  ttate  and  in 
heom/tiriaii07i. — Subetancea  poaacaain^  the  same  crystalline  form  and  replacing 
■One  another  in  combination  according  to  equal  numbers  of  atonu  without 
iteration  of  cryatalline  form.  Areeuic  and  antimony  cryetuUiKe  in  acute 
rhombobedrona:  AsO^  exhibits  the  eame  crystaUiue  form  as  SbO^  and 
many  double  aultj^  containing  AaO'  as  one  base,  preaent,  according  to 
.UitscberUch,  the  eamo  cryatalline  form  ba  the  corresponding  fiolta  in 
Ivhich  AaO'  ia  replaced  by  SbO\ 

I      B,  Huhstances  VfJiich  rf^place  one  another  in  compounds  according  to 
WKual  numder  of  ato})is.    The  cryetalline  form  of  uuch  substances  in  the 
[•eparate  state  is  either  different  or  else  uuknowa;  but  they  replfico  one 
lother  in  combibattona  according  to  equal  nnmbcrs  of  atoms  and  without 
Uion  of  cfyatalUue  form.    Titanium  crystalliiea  in  cubea,  tin  in 
ar  eii-Bide'dr  prisms;  but  both  TiiO-andSnO'  crystallize  in  square 
SrTsms.    The  crystalline  forms  of  time  and  mftgiieaia  are  unknown,  but 
fU.0,  CO-  and  Mg  0,  CO*  crystalliKO  in  obtuse  rhomb  oh  edrona.  Thia 
[roup  of  substances  may  perhaps  be  hereafter  ehown  to  be  identical  with 
no  first,  when  we  ahatl  have  become  acquainted  with  the  crystalline 
arms  of  these  bodies  in  the  apparate  state  and,  poaeibly  Lave  diacovered 
hliat  their  difleroneo  of  form  may  be  referred  to  Dimorphism. 

C.  Siiiisianoes  wkich  replace  one  anotktr  in  cov^mation  according  ia 
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unequal  numheri  of  ahuu. — It  somctimos  bappcns  tlmt  ono  atom  of  an 
element  coataiDfid  in  il  conipmmd  ia  replnted  by  twu  or  wiion;  atoms  of 
another  elomeat,  or  by  two  otuer  elcraeuta  wittoutalterfttion  of  cryalallinft 
form,  llyperclilorale  of  potash  {K  0,  CI  O')  lias  (be  syne  furm  as  liyi»er. 
maDgnnate  of  potasEi  (KO,  Mn'  0');  here  I  At.  chlorine  is  replaced  by  2 
At.  niautrnneao.  Sal-ammgniac  (N  H'  CI)  cryetalHjKs  in  the  samo  fonu 
OS  cblorido  of  potassium;  Leuco  K  and  N  II'  arc  ieoinorpboua.  In  eufli 
cases  no  bucIi  cliendcal  rcH<'mld:ince  exists  between  the  inlerchangeablo 
bodies  ns  in  cases  A  iindB:  tims  manganese  bears  no  resenibliinc«  lu 
chlorine,  nor  docs  nitrogen  to  polassium. 

Tho  following  i.^  a.  general  view  of  the  several  gronps  of  simple  and 
compound  suhgtanoea  M'hich  exhibit  the  snuie  crystalline  fomi  with  or 
TTitbout  filfght  differenceu  of  angular  rangnitude.  Each  group  of  isomor- 
phous  anbstancca  is  distinguished  by  a  imiiibcr  ;  if  it  contains  bodies  of 
different  atoicbiometrjcaE  na,ture  it  is  further  eubilividcd  by  nieoua  of 
letters.  The  ^aniQ  subdtance,  if  dimorphous  or  triniorpKous.  may  be 
repeated  iu  diHerent  gruiips.    Mitscherlich'y  ubsorvatioas  are  denoted  by 


Mi. 


Aa, 


1,  Ili/mahtdnth 


Re^ttlar  Sydetn. 
a.  C  (Diamond)  P,  K,  Ti,  Bi,  Cd,  Pb,  Fo,  Cu,  Ag. 


b.  Co  As,  Zn  S.  Ph     Co  S,  Ae    K  I,  Xa  I,  K  Br,  Na  Br,  N  H'  CI, 
KCI,  NaCl,  LCI,  AgCl,  K  P,  NaF,  Ca.  F. 

c.  Ca'  O.  Ca'  S,  Cu'  CI,  Hg-  Ag. 

d.  As  0\  Sb  0\  Wohkr. 

e.  Mg  0,  AV  0',  (Spinell),— M-  0,  Fe  0',  (Plconast)  — Zp  0,  AV 
(Gahnite),— Zn  0,  Fe'O',  (Fraiililiiiile),— Fo  0,  Fe' 0\  (Magnetic 
iron  ore).  Abic/i. 

f.  Ba  0,  N  0^,— Sr  0,  N  0*,— Pb  0,  N  0",  and  according  to  Bcrselias, 
PbO,  NO'. 

N  H'  01,  Pt  Cl\— N  H'  CI,  Ir  Cl^— K  CI,  Pt  CP,— K  a,  Ir  O, 
K  CI,  0<j  CI'.    hri  itUoi. 

h.  NH'  0,  APO',  4S0-.  24A(i.— NII'O.  Cr'O'.  4S0\  24Aq, 
NH'O,  Mn' 0",  4S0\  24A4.— N  H' 0,  Fe' 0\  4S  0",  24 Aa.— 
KO,  Al-  0",  4S0',  24A.|.— KO,  Cr^  0\  4S0',  24An.__K  0. 
Mn^  0',  4S  0\  24A4.^K  O,  Po»  0\  4S  O',  24A-..— Na  0,  AP  0\ 
4SO\24Aq.  Ml. 

i.  KO.  AP  0\  m  0\  (Leucite). 
i:  Nfi  0.  Al'  0',  4Si  O',  2Afj,  (Annlcirae). 

2.  In  pentagonal  dodecaliedruuB ;  Fe  S'  (Iron  pyrites).^Co' Aa  S* 
(Cobalt-gliiacc). 

Four-mftnhi'rtd  or  Siptaif  Priamalic  Si/tfan. 

3.  Ca  0,  W  0\— Pb  0,  Vf  0\— Ph  0,  Mo  0\  Levy  (Pogg.  8,  518),— 
PbO,  CrO\  Jokmton. 

4.  Ni  O.  S  O'.  TA^,— Ni  O,  Se  0\  7Am.— Zn  0,  S«  0\  7Ao.  Ml. 

5.  K  H'  0,  211  O,  >  0',— N  H*  0,  2H  0,  A*  0'— K  O,  2£i  0,  V  OS— 
KO,  2H0,  AbO*.  Ait. 

e.  SCuO,  2Ur'0\  SPO*,  24Aii,— 3CaO,  2[Tr'0'.  3P0',  24Aq. 

7.  AgO.  SO',— 2NH\  AirOyoCJ',— 2\  H\  AcO,  CrO». 


5.  a.  Co  Pe  S' {Copper  pyrites).— Mn' OWBmunite).  Kabelt. 
0.  Ti  0'  tRutiM.—So  0=  (Tinslont). 
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in.  0.  TiO'  (AnatQse). 

6.  KO,  80a  0,  IsSiO-,  ICAq  [1]  (Apopliyllito}.  S^aldl 

11.  (t.  2Zt  0,  Si  0'  (Zircon). 
6.  aCaO,  aAl'O',  5Si  0^  [t]  (Weruerite).  SreUkaupi. 

'niio-and-twa-membeved  or  Riffht  Friematic  Si/ttem. 

12.  Sulphur. — Iodine. 

13.  AsO',— SbO'.  "VVuLler. 

H.  a.  FeS-  (White  irna  pyrites). — 6.  Fe^ As S*  (Arsenical  pyritee). 
13.  a.  aio=0\  HO  (Manganite). 

b,  2Ga  0,  Al'  0',  3Si  0-,  Acj  [)]  (Prehuite).  XM. 

16.  a,  CaO,CO'(AmggnUQK— BftO,CO=,— SrO.CO',— PbOjCO". 
6.  K  O,  N  0\ 

17.  a.  B»0„SO',-^rO,  S0^— PbO,SO\  Mt 

6.  N      0,  CI  0',— N  H'  0,  Mn=  0\--  K  0,  CI  0',— K  0,  Mn*  0'. 

Mt. 

18.  a,  mO,&0\—mO,  ScO',— AgO,SO\— AgO,  S©O'0f>?,  59). 

M(. 

h.  Ba  0,  Mn-  0".  Mt. 

19.  a.  KO,  SO',— KO,  SeO\— KO,  Cr. 0',— K 0,  MaO^  Off.7B). 

ML 

If.  NH'O,  S0^  Ati.  Jft. 

20.  a.  MgO,  S0\  7A4,— ZnO,  S  0\  7Aq,— Ni  0,  S0\  7A^— 
Mg  0,  Se  0^  7Aq,— Zn  O,  Se  0',  TAq  (Jiff.  71,  72,  73).  J/i. 

6.  SbSV  A'oW/. 

21.  NaO,  P0\  4Ad,-NaO,  As  0\  4An  C"^.  C4).  jl/i. 

22.  2M11  O,  Si  0=  (Chiysolite),— 2Mn  O,  Si  0'.  Bcrthier. 

23.  NaO,  APOV  3SiO',  2Aq  (NatroJitc),— Civ  O,  Al-0',  3Si  0', 
3Aq  (Skolceite). 

24.  BaO,  C'JrO\  3Aq  (Acetate  of  baryta),- PI)  0,  C  H' 0',  3Aq 
(Acetate  of  lead),  <J</.  60).  ML 

25.  K»  Fe' C/,~K>  Co= 

TuKhand-one-nwmbered  or  Oblique  Prisimtic  S^atcTH. 

2b'.  a,  Sulphur. 

K  0.  2S  O*.  H  0  — K  0,  2Se  0\  H  O.  ^tfi. 
27.  Fe  O,  Ta  0'  (Tantaiitc).— Fo  0,  W  0^  (Wnlfram).  BreiUmiqyi. 
2S.  CaO,  SO^  2A^,— CaO,  Se  0^  2Aq.  Mt.—¥aO,  S  0^  2Aq. 

29.  FoO,  SO',  CA<j,-^CoO,  SO*,  6Aq,— MnO,  S0^  OAq,— CoO, 
ScO^  6Aq,— Mixtiirca  of  FeO,  S0\  with  Cu  0,  SO^  or  with  Zii  O,  SO'; 
Blinllarly  of  Cu  0,  S  O^  with  ZnO,  SO*,  oif  with  Ni  0,  S0^  or  ivitb 
JIgO,  SO^  gimibrly  of  MnO,  SO',  with  MgO,  SO',  or  with  ZnO, 
SO*,  nlwfiye  in  caiubiQatioti  *itb  6  At.  wat-er  {/<}.  111).  Mi. 

30.  M^O.  SO',  7Aq,— ZnO,SO»,  7Aq,— CoO,  SO',  7Aq,— NiO, 
S  0*,  TAn,— 0,  Se  0^  7An,— Co  0,  Sc  O',  ?Aq.  Mt, 

31.  NaO,  S0»,  lOAti,— Na.0,  SeO»,  lOAq,— NaO,  CrO",  IOA4  [fg. 
1  IB,  119).  Mt. 

32.  2N  H'  O,  P  0',  H  0,— 2N  H*  0,  Ae  Q\  H     (Z^.  S)3,  34,  »5),  Mi. 

33.  2NaO,  P0\  25Aq,— 2NaO,  AaO',  25Aq,  (fy.  D6— 100).  Ml. 

34.  a.  Na  O,  2B  0\  lOAq,  (Borax). 

&.  CfiO,  MgO,  2SiO-^,  (AiigitL'),— NaO,  2Fc;  0,  iSiO-"  [?]  (Ada- 
mite). Kohrll. 
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in  both  compoands  3  atoraa  of  oiygen  are  comblTied  witli  I  atom  of  metal 
and  1  atom  of  either  carbon  or  nitrogen.  Tii'itt  baEving  bf  the  atotnie 
■weigbt  of  po.tassii]in  involves  the  batviiig  of  those  of  amuionium  (N  H'), 
aodium,  ellver  anil  gold,  because  potfwh  is  isiiinorjilmua  with  oxide  of 
aimnoniura  (N  H^O)  and  soda,  and  tlie  last  of  tbeac  witb  oxide  of  silver; 
and  bccanHo  Btlvcr  in  combinaliou  witb  tbe  niuidt  various  ijuiLtitit'tcs  uf  gold 
always  crystallizes  iu  the  same  form,  a  circuuistanco  which  indk'atcs  lbs 
ieomurphit^m  uf  thceo  two  nictitlB.  The  ljulving  of  the  atomic  weight  uf 
silver  had  before  been  proposed  by  H.  Rose,  becaiieo  in  prey  copper  ore  1 
atom  of  i^ilver  takea  tlie  place  of  2  atoms  of  eopper,  and  the  cryslalliaa 
form  of  A;;;S  as  well  as  that  of  Cu'S  lelongH  to  tlio  regular  sj'stem. 
According  to  this  view  the  atomic  Wfighta  of  N,  II,  K,  Ka,  Ag,  and  Ati 
would  be  reduced  to  oae-bitlf  of  the  values  now  asbigncd  Lo  ibein;  potasti 
would  be  K'  O,  soda  Na'  O,  oxide  of  silver  Ag-  0,  ard  suboxide  of  silver 
Ag^O.  By  halving  the  atomic  ireigbts  of  potassium  8nd  Tblorlne  tlie 
similar  forma  of  K  0,  CI  0'  and  Ba  0,  B  0'  would  also  Le  explained,  (17) 
for  the  compoHltion  would  then  be  K  CI  0'  and  BaS  O'. 

Clarke,  on  Ibe  contrary,  doubles  tbe  atnmic  weights  of  sodiain  and 
Ailver  in  order  to  reconcile  tho  coni}i06ition  of  Na  O,  S  and  Ag  O,  S  0* 
with  tliRt  of  Ba 0,  Mn' O'  (IS).  He  thm  obtaina  Na  0^  2S0*=  NaS^O' 
and  Ag  0-,  2S  0^  =  Ag  S=  0";  and  ihla  formula  agrccB  with  Ba  O,  Mn'  0' 
=  Ba  Mu*0\  But  siQcc;  Cbc  atomic  weight  of  potas»iium  mu^t  be  doabled 
aa  well  as  tbut  of  nodiam,  tho  explanation  of  case  (la)  becomes  by  thifl 
nlteratiuu  mure  difficult  than  liefore. 

With  rej^ard  to  these  utteniptrf,  wc  cannot  but  Ojcreo  with  (ho  view 
recently  adojited  by  Jolinetonc  (who  formerly  made  trial  of  tlio  same 
hyp'itheeis  aa  Count  Sdiaffgolwb ),  that  many  of  iho  fitrniulre  4if 
isoRiurphuus  bodies  cannot  bo  rniiik  to  agree  with  one  another  in  any  way 
whatever— ot lie ra  only  by  mean^  of  hypotlieeee  witieb  are  either  oonlndie- 
tory  or  ^rreatly  impair  the  ttimptieity  of  the  chemical  foniiultc.  Allbougfa 
aimilar  furmulH*  often  involve  eimelarity  uf  «hape,  it  docs  not  by  any  meua 
follow  that  einiilar  forms  are  ineon^tetent  with  dissimilar  formulm.  There 
exists  perhaps  a  higher  law  by  which  these  atsee  might  bo  explained;  the  dis- 
covery of  Huch  a  law  would  give  a  new  fonii  to  tho  theory  of  isomoTphiBDi. 

Kopp  and  Schroder  Eiavc  remarkicd  that  isomorpbous  eubHtaneea  liava 
equal  atomic  vuIuuh^s  (and  therefore  aNi>  einal  aiouiic  nniTtber^).  Tbe 
simple  Bub'^ljniccH  (Tabic,  page  .'>.'>)  exhibit  npproxinmtio&s  tn  thit  law.  git 
least  in  Bomo  casefl:  f.y.  Ni,  Mji,  Co  and  Fc;  W  and  Mo;  !,  Brand  C^l, 
But  the  atomic  numbers  of  Sb  and  Aa,  of  Na  and  K,  of  Mn,  Cr,  S  and  Se, 
which  at  len-il  are  iKomoqihoua  in  theiracids,  ditTer  widely.  Accnnling  to 
iftble  (page  GS)  equal  atomic  Hiinibera  are  exhibited  by  AP  0*,  Cr'  and 
Fe'O^  hyTiO-  and  Sn  O';  by  W  0^  and  Mo  O^;  bvAsO^  and  Sb(>»; 
by  several  uuliydroua  carlHinatef,  sulphates  and  nitrates  (eomo  too  not 
ifomrirphouf );  and  by  Mivcral  hydrnted  eulpliatec.  Exceptimisaro  liowrver 
tewDted  by  K  O,  SO*  and  K  0,  Cr  0%  and  by  K  C).  Na  CI  and  Ag  CI  ; 
ttwYcr  tin'  merely  ap]>roxiniato  agreement  in  the  atoini<r  TiuiubcrH  of  tho 
nt  named  c<ini]>4)und«  may  in  a  great  measure  be  exphiineil  by  tlio  f»ct 
that  similar  fftrmulir  give  nearly  niual  ntoniic  weigh tjs,  uud  thebe  mlnff  u«>cd 
■vdiriBon  of  nearly  c<{iinl  (Specific  ;^'nivilie8,the  Quotients  cannut  diJIVr  uiurh 
from  auotlier.  On  the  other  hand,  Kopp  ha«  ehown  (hut  tho  (tmall 
diflijroncrw  betwcoti  Iht'  augle^i  at  the  wlgos  of  tho  obtiwo  rhombobed ruu  of 
cali:«paT  and  [hu  rnrrof  [lorniiwH  ancloB  in  the  ntlior  earbiinat«9  which  are 
WmiirpboiiK  with  it,  pmbabty  Ix'ar  a  nimpln  relation  ^'^  llio  difl'vrvnl 
v«]i)iue»i  u(  Iho  Atont»  uf  wliieb  tUcM  crystals  arc  compoiri-d, 
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IF  A  peculiar  kiad  of  isomorphism  Las  recently  been  discovered  "by 
'lieerer  (Pof/ff.  6S,  319)  whu-li  appears  to  play  nn  important  part  in  the 
■mineral  ltiuj:Jnin,  By  the  aualy^^isofagreat  number  of  minerals  Schceret 
"lids  that  one  atom  of  magnesia,  protoxide  of  iron,  or  protoxide  of  man- 
nese — and  proltably  also  of  oxide  of  zinc,  protoxide  of  nickel  and  prat, 
'•oxide  of  cobalt — may  bo  replaced  by  3  atoms  nf  water,  and  one  atom  of 
■oside  of  copper  ty  two  atoms  of  water — without  change  of  crystalline  form. 

This  kind  of  iHomorphiam  lias  received  the  name  of  I'olpnerie  Jiomor- 
j^iitm:  it  was  firt-t  noticed  in  tlie  minerals  Cordierite  and  ABpaaioJite. 
^bese  two  miucrala  crystallize  in  the  eaiac  form,  and  crystals  are  found 
Deisting  partly  of  cordierite  and  partly  of  aspa^iolite,  the  rao6t  complete 
nsitious  from  one  to  the  other  occurrinj;  in  the  same  epocimen.  Moreover, 
tb  miaeralis  contain  nearly  the  Eauie  proportioaa  of  silica  and  alumitm; 
ibut  a^pa^iplite  contaius  a  smaller  quaiitity  of  magnesia  and  a  larger  ijuan' 
lity  of  water  than  copdieritc, — the  lUft'vronco  bcius  eiich  tha-t  3  atoms  of 
vater  m  the  foniicr  may  b&  regarded  as  tlie  equivalent  of  1  atom  of  mag- 
nesia in  the  latter.    [^Vul.  Nenmaun,  Joum-fUr  Pra^t.  (Jhem.  40,  l.JIT 

On  thewbiect  of  rsomorpliisni  see  the  already  (page  32)  cited  treatises 
f  Mitscherlicb,  Bendmnt,  Wollasloiij  Hauy  and  Marxj  likewiBe  Kgbell 
.S'cAif'.  U,  41).— Breitliaupt  {J.  pr,  Ch.  4,  249  and  Fopff,  51,  510). 
ersoz  [Ann.  C'him.  PAj/s.  GO,  119;  xxho  Ann.  P/tarm.  18,  241).— Brooke 
(P/ij7.  Maf,.  .7.  12,  406).— Johnston  {rhU  Mag.  J.  \2,  235  and  4Sd;  13, 
05).— Count  Frauit  Scliaftijotsch  [Pofff/.  48,  333). 

(I.  llehtions  to  HeaL 

Fii»ibilit!f. — Compounds  arc,  for  tbo  most  part,  Itiore  easily  fusible  than 
ilieir  elements.  No  metallic  alloy  ie  more  refractory  tbsn  citbcr  of  ila 
eonstitncnt  inctule),  but  many  arc  more  easily  fuj^ible  tliaTi  cither  of  ibi-ir 
Compoueots  in  the  separate  state-  Tho  earths  also  become  more  fuaiblo 
by  combination.  An  alloy  of  nickel  and  platinum  melts  nt  tbc  same 
temperature  as  copper;  alloys  of  lead  and  lih,  lead  and  biewnilh,  4c., 
melt  more  easily  than  cither  uf  those  metals  by  itself.  Iron,  by  com- 
lining  with  tho  infusible  substance,  carlion  (in  steel  and  cast-iron),  Iie- 
eomoa  more  fuaible  than  it  is  in  the  pure  state.  Silica  is  not  fusible  in 
the  bloat- furnace,  neither  is  Itmc,  baryta,  etroutia,  alumina,  or  magnesia, 
• — hut  the  combinations  of  sUioa  with  the^c  boilica  are  unable  to  rciiist 
Buch  a  Icnipcmture. 

Many  metallic  sulphurets,  on  the  contrary,  aro  leea  fusible  than  their 
elements,  e,<f.,  K  S,  Zn  S,  SnS,  KgS;  others  arc  Icaa  fusible  liian  enl- 
phnr,  but  more  fusiblo  than  the  tnctal,  e.  ff.,  Fe  S,  Ag  S ;  but  iione  of  them 
are  more  fuaiblo  than  eulpliur, 

Why  the  melting  point  of  a  compound  biliunld  bo  eometlmca  between 
those  of  its  elements,  aonictimes  below,  and  Bometimea,  though  rarely, 
ohovB  thicm  both,  has  not  yet  been  explained. 

VdatiUlif. — 1.  The  clJtEticity  of  a  compound  is  generally  less  than 
that  of  either  of  its  elements.  A  solid  or  liquid  may  he  formed  by  the 
combination  of  two  gases,  but  no  permanent  gaa  is  over  f«nued  by  the 
union  of  two  liiuid  or  solid  bodies  ^p.  87).  Fhospburot  of  nitrogen, 
when  excluded  from  the  air,  will  anatam  a  white  heat  without  decomposi- 
tion or  votatilizatiuB,  and  even  without  fusion. 

2,  Tlie  Volatility  of  a  compound  is  very  often  of  an  intermediate 
degree;  the  more  volatile  clement  seems  to  impart  a  portion  of  ltd  vohv- 
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lility  to  tbe  other.  Carbon  becomes  gaaeous  by  combining^  witi  oxygQO, 
hydrogen,  or  nitrogen;  Bulpliur  with  oxygen  <ir  hydrogen — ealenjani, 
iodine,  liromino^  areenic,  aatimoiiy,  and  pbosphoras,  with  hydrogen ;  bat 
all  those  guaeoas  compouada  are  loss  permanent  than  pare  Qj^yf^n, 
hydrogen,  or  nitrogen  gas,  for  moat  of  them  may  be  lit^mefi™  by  pro«8«re. 
Lead,  silver,  iron,  Srn.,  in  oombiua-tion  with  chlorine,  are  volatile  at  a 
HiodBrate  r^d  best. 

3.  Very  few  cotnpotindH  are  more  volatile  than  either  of  their  con- 
el.ituent)4.  Tbe  most  striking  instance  is  tbat  of  eulpburct  of  carbon, 
which  boils  at  46°  C.  (=  !14-S°  Fall.) 

These  relations  also  have  Bot  yet  been  reduced  to  any  regular  law  : 
thna  much^  however,  may  be  said,  that  a  compound  of  given  elements  t« 
for  the  most  part  les»  volatile  the  greater  the  nnmbcr  of  atomii  of  which 
tlie  rompouud  atom  is  made  up.  Sulphnrous  acid  S  0~  is  ga^eong,  snl- 
Jihnric  acid  S  0*  is  solid  ;  the  latter  Contains  I  atoiit  ninreof  the  more  toU- 
tilo  elemetitr  oxygen,  but  its  total  ntimber  of  atoms  is  4,  that  of  snl- 
phuroi]«  acid  only  3.  I  At.  nitrogen  forms  gaseous  conipounda  with  I 
atid  2  At.  oxygen,  Hqnid  rompounds  with  3  or  4  atoms  of  that  element. 
Cyanogen,  C  N,  is  gascons,  mcllon,  C*  N',  solid,  althongh  it  contains  » 
greater  proportion  of  the  more  volatile  element.  In  some  caaes,  however, 
tbe  greater  volatility  of  one  of  the  elements  more  than  eompensates  for 
the  greater  nnmher  of  atoms  in  tbe  compound;  thus  Fe'  CY  h  more  Tola- 
titc  than  Fe  CI,  thoagb  the  former  contains  5  atom@,  the  latter  only  two. 

[For  the  specific  heat  of  componnda  vide  ficat.] 

e.  Relative  to  L  iyhL. 

Trawparencif. — A  chemical  compoand  is  either  trannparentor  opatjuc ; 
in  the  fonner  cme  it  imnaniits  light,  coloured  perhaps,  but  always  eloarly, 
because  eliciiiically  combined  bodies  refract  light  ae  a  whole;  turbidity 
111  ways  indfcatee  meclianical  mixture.  Two  transparent  aabetuicieR 
iilwiiys  fomi  a  transparent  compound,  two  opaque  on^es  an  opaqa«  oom- 
potind;  the 'Compounds  of  traospurent  with  opaqne  bodies  are  sonietl.lDM 
i)|i»<|i;e,  sometimes  lran».pCirGnt.  Oxygcd  eombined  with  metals  SODI^ 
times  fornix  transparent  compounds,  snob  as  the  alWIi?  and  earths,  nxido 
of  line,  oxide  nf  antinjony,  arsoniou*  acid ;  sometimes  npa*(oo  compounds, 
r, y.,  peroxide  of  mang-meae  and  magnetic  iron  ore;  the  eompounda  uf 
sulphur  with  potasninm,  zinc,  arsenic,  and  merCuiy  are  transparent,  thooe 
with  antimony,  iron,  copper,  and  silver,  opAijiic,  On  tbe  other  band,  all 
tlio  iiirtallic  rfiiorides,  iodides,  bruniided,  and  chlorides  appear  tq  b^  trans- 
parent. According  to  lliie,  fluorine,  chlorine,  bromine,  and  iixline  would 
aeom  to  have  the  grcateal  tendency  to  transparency,  and  oxygen  a  groat«r 
tendency  tliiin  sulplinr,  irasinnrli  aa  the  eompflnnds  of  anirmony,  t4>llll- 
riiim,  and  bi.snitith  with  tixygwi  arc  transparent,  while  their  siilphuretf 
arr  opirjuc.  Among  iho  mcljls  those  which  show  ihc  sraailest  tendency 
to  inditec  opncily  In  compounds,  arc  the  alkaline  metals  nnd  arsenic;  for 
nil  compimndw  of  tlicee  metals  with  trann]iarcnt  anbstanccs  arc  themwlrev 
tmnyiarent. 

Jiffrturtitf  PwcYr. — The  refrti'tive  power  of  gaseous  eompotinrlB  in 
Bcjmetinira  greater,  sometimes  leas  tliUD  the  mean  of  the  refraelivo  pownv 
of  the  constilnent  gn^M. 

Thifl  i^  fihown  by  the  following  lahle  of  Dniong  (Rtiliet.  phUonvjt., 
182.5,  134),  wliirh  al*nh  contains  llie  rcfraclivp  powers  of  oonie  of  th* 
Blmpls  gmaM.  Colunin  A  ronlains  tho  namm  of  the  f^^«;. — B,  their  rr-- 
fnotive  ptmn  dotonnincd  by  ubeoryation,  that  of  air^  I; — C,  ihv 
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iTefractire  power  wticli  the  compound  gases  etould  fixtiibit  according  to 
l*aIcalation,  taking  the  mean  between  the  refractive  powers  of  the  com- 
IpoaeDt  gaaeaj— D,  their  specific  gravities; — E,  the  specific  refiactive 
Ipnwer,  obtained  hj  dividing  the  observed  refractive  po*cr  by  the  epoc-ific 
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From  tbew  ruimbers  Diilong  concludes  tliat  wheQ  s.  coTDpoaaJ  gas  is  of 
an  atld  nature  its  refmcttve  power  '8  bolow  tbe  calculated  niGun,  but  Libove 
tlie  mean-wbeti  the  gx--  is  3.lk:aline  or  neutral;  liydrocbloric  ether,  however, 
forma  an  exception  to  th\a  risle.  If  it  be  admitted  that  tbo  refractive 
power  of  a  snbatance  is  rtirectly  proportiotml  to  its  density  and  inflttniina- 
tiilitv,  the  Utter  will  be  found  by  dividing  tbe  tefractlre  power  by  the 
Bpecific  gravity.  The  quotients  in  column  E  agree  very  well  with  this 
jew;  hydrogen  Las  the  greatest  refractive  power,  and  oxygen,  the  3«b- 
Ce  most  opposed  in  its  properties  to  comnuatible  bodies,  the  smallest, 
other  ttutnbera  Aaa  agree,  excepting  that  the  refractive  power  of 
wlplmret  of  carbon  should  be  smaller  than  that  of  sulphuretted  hydrogen, 
since  tbe  former  contains  2  atoms  of  the  Icea  combustible  substauce  sul- 
phur to  1  atom  of  carbon,  the  latter  equal  numbers  of  Btoma  of  sulphur 
and  hydrogen;  the  refractive  power  of  nitrous  oxide,  again,  ought  to  be 
smaller  than  that  of  nitrogen,  since  nitrogen  moat  lose  some  of  iu  refract- 
ing  power  by  cnmhtning  with  oxygon. 

Some  compwunds,  in  passing  from  the  gnscous  to  the  liquid  state, 
crease  In  refra^-ting  power  more  than  in  deneity,  a&  waa  first  noticed  hy 
Arago  and  Petit.  The  absolute  refractive  power  of  liquid  Hiilph!irou» 
acid  ought,  according  to  ciilcnlation  from  that  of  the  gaa  to  be  0  661  :  its 
actual  value,  however,  is,  according  to  Do  la  Rive,  0-78  (Ann.  Chim. 
J'hifg.  40,  410,  fxrr.  Poffff.  13,  528)  j  that  of  liquid  ammonfa  should  by 
cnlculatioD  frorn  that  of  nmrnonincal  ga-s  be  0'72">.  and  that  of  sulplaeretted 
drogen  O'TtiT  ;  hot  according  to  Fanning,  the  refractive  powera  of  both 
ee  Itfiuids  esceed  that  of  water,  which  le  07fi4. 
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Colour.  —  Coleurlees  substances  generally  ptoJuce  colonrlesa  com- 

Eouncb;  but  c&lourlesa  niti-ogon  combined  witli  ooloiirlcss  oxygen  forms 
luD  uitrou3  acid  and  red  liypotiilric  aoid;  an.i  in  the  organic  kiugdom 
we  see  a  great  variety  of  coloured  compounds  formed  by  the  tinicj^n 
of  carbon  (wliicli  is  coloiirleas^  at  leiiat  in  tlie  diamoiid)^  hydrogen, 
osygen,  and  suinetitiiea  also  nitrogen.  Coloured  liodics,  Bucb  aa  sulphur, 
eeloEiiuiii,  iodine,  and  thu  nieCala  generally  form  volourcd  compuuiids  by 
combination  amongst  themselves ;  nevertheless,  iodide  of  potassium, 
chloride  of  leadj  and  chloride  of  silver,  &o.  are  colourleas.  The  com- 
ptmuds  of  coEoiired  with  colourlesa  bodies  are  Bometimca  coloured,  sonte- 
tinies  not ;  thus  the  oornpoundu.  of  oxygen  with  sulphur,  sclengnm.  iodine, 
bromine,  chlonuo,  and  most  of  the  lighter  metals,  &rs  whito,  those  with 
the  heavier  metals  coloured.  In  the  present  state  of  cliemical  knowleilgo 
the  colour  of  a  compound  cannot  be  asteniiined  beforehand  from  those  of 
its  constitnents ;  it  often  differs  greatly  from  them.  The  red  meUl 
copper  combined  with  colourless  oxygien  fornix  a  brown-hlnck  oxide,  and 
this  combined  with  colourlesa  sul^i'Iiurif:  acid  forms  a  whits  salt,  which 
again  in  comhination  with  water  produces  tho  blue  crystals  of  hydrateJ 
Sulphate  of  copper  or  blue  vitriol.  Grey  chroinium  witli  a  t-drtaia  quiui- 
tity  of  orygen  forms  a  green  oxide,  which,  coiuhined  with  various  tolour- 
leaa  acids,  forms  salts  of  which  some  are  green,  some  violet;  with  a  lar^r 
quantity  of  oxyj^cn  ihroniium  forms  tho  ycHoiviah  red  chromic  acid,  whose 
compoiituU  with  bases  are  someti nics  yellow  somctitnes  red. 

The  law  of  Persoz,  {Ann.  Chim.  Phyi.  GO,  127;  also  Ann.  Pkarm. 
18,  2jfi),  viz.  that  when  the  higher  oxide  of  a  molal  is  white  or  flliglitly 
Cftlonred,  the  lower  is  blue  or  dark  coloured,  and  when  tho  higher  ox'ido 
bus  a  dark  colour,  tho  lower  is  white  or  faintly  colotireJ,  is  true  na 
regards  cerium,  titaiiluiii,  tautahnn,  tungsten,  niolybdenum,  and  mangn- 
nesD,  but  not  with  regsird  to  nrtrenic,  antimony,  and  tellurium,  Iwth  who^e 
oxides  are  white  or  1  i ■^ht-coloured,  nor  with  regard  to  copper,  fiilvcr, 
gold,  platinum,  and  others,  both  whose  oxides^  are  dnrk-coloured. 

/.  Chemical  ajid  Physiological  lirhttiont. 

A  cheniieat  compound  generally  diflers  altogether  from  it»  elenienbn, 
iHjtb  iu  its  atHnities  and  ta  its  actiou  on  living  animal  budies.  In  somo 
cnsep,  combiDstiou  develops  active  chemical  and  physiological  propertive, 
in  others  it  destroys  (hoso  which  previously  bclonjEcd  to  the  eicmenls. 

Neither  sulphur  nor  oxygeu  exhihat*  any  affinity  for  tho  greater 
number  of  salifiable  ba^os;  but  the  aHinity  of  enlphanc  acid  for  tboM 
hajiva  is  very  strong  :  again,  neither  of  these  clcmont*  reddona  the  blue 
colour  of  litinua.  but  this  (.■ITect  in  readily  produced  by  sulphuric  acid  ; 
tho  eatiie  elements  are  al^o  tuMeless  and  destitiif^  of  corrosive  action, 
whereas  stilpliiiric  acid  ha«  a  sour  taato  and  is  lii/jhly  corrosive,  Nilro- 
pon,  BgaiHj  which  by  itself  is  one  of  the  most  indifferent  of  the  elements, 
producer  In  combltiution  with  oxygen  the  corrosive  substance  nitric  acid, 
with  hydroi^n  the  powerful  nlliaii  ammonia,  and  with  carbon  and  hydro- 
yen  the  highly  narcotic  liydrocyanic  aci>l.  The  itoisonnus  action  of  manjT 
inctala  is  not  ilcvetoitcd  till  they  are  comhincd  witEi  uxyi^n^  rblorinc,  er 
othLT  bodioj  of  liki?  nature.  Are  these  properties  actually  produoe<l  by  tho 
act  of  combination,  or  arc  tbty  pre  viouf^ly  latent  in  tlie  elements  and  brou^it 
into  active  operation  when  those  elementu  arc  combined  with  nthersl 

Pcrsoi  (.1nH.  Vhim.  P/tifB.  tiO,  12T,alH0  Ami.  Pfiarm.  18,  255)  hu 
laid  down  the  two  following  laws; — 1.  All  boilies  which  in  combtuatiun 
with  chlorino  funu  compouodii  volatile  below  tho  boiling  j>oint  of  mercury, 
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firo-IilcC'  atids  when  Gomlimed  witli  oxygen;  \'\x.  tvilrogen  [1],  carboDi 
lurun,  pljospLoriiSj  siilpliur,  fielenium,  trominG,  iodine,  nitrogpn,  ^iiiriuni, 
titanium,  tungsten,  vuuinliiiai,  cliromiuTn,  iiraniuiii,  iiijin^iieae,  arseuic, 
antimony,  tin,  auii  usinitim.  Ttiis  Inw  appeurs  to  fui!  in  tlie  v^-ie  uF 
mercury  itiielf,  wliicli  jm^Jucea  no  aciJ,  hut  is  noLn-itlistamling  lesa  vola- 
tile tlmii  corrosive  eulilimate.  2.  All  compnunda  containing  I,  3,  5  or 
7  atoms  of  oxygen  arc  pitlier  acid  or  basic  ;  tlioae  fa  the  contrary  wbich 
fontJiin  2  or  4  atonia  of  oxygeu  are,  witli  a  fc^w  exceptiona  wbicli  disappear 
on  n  particular  hJ^mUlCsia.  nettlier  acid  nor  IiiL&ie.  Exteptiona  to  tfiia 
law  arc — C  0,  wliidi  is  ncilker  acid  nor  basic.  Mo  0*,  V  O",  ami  Pt 
y-liieli  are  itases,  a.ni\  C  O",  S  O'^  So  0=,  Ti  0',  Sn  0',  and  Te  0*.  wliieli  aro 
acids.  Tlie  mnnner  in  wliicli  Peraoz  endeavours  to  get  rid  of  tlicsa 
exce[>tloiid  looks  like  a  gratiiitoua  assuraptitiQ.  It  is  Hevcrtljeleas  truo 
that  by  far  the  j^reater  iiumtier  of  aculs  and  bases  contain  au  uneven 
numWr  of  iitoma  of  oxygen. 

Tim  co^e  in  wlilcIi  inarki'd  chemical  and  physioloj^cal  propcrtie'S 
exi'^ting  in  elements  are  caused  to  divappoar  by  conibinntion  is  most 
strikingly  eikiljited  in  the  conibiDtttion  of  acids  witli  «a1ifiabLc  bases :  tlio 
effect  ia  ttcn  enHt^d  ^'eii(r<i(h(fiioit.  Wht'ii  an  acid  and  a.  (►a.*?  cnnibilia 
in  cerLiiii  proportions,  tliuir  oppot^ite  properties  are  mittuiilly  destroyed, 
and  a  more  or  less  indiffurent  compound  is  tho  rOaitU.  Hydroelilocic 
acid,  for  e^aniplo,  tastes  and  snndls  strongly  acid  and  reddons  litiiuts; 
rLinnionia  has  ^  powerful  alkalino  smell  and  ta:«te,  restores  tlie  bine  colour 
of  litmus  wliin-b  lias  been  reddened  by  an  acid,  reddens  turmeric,  and 
j;ivesa  iTTCon  colour  to  violet  jiiJce — tLese  chanjjes  of  fiolotir  bciny  again 
retnovab(e  by  acids;  botk  these  substances  in  tlje  concenlmtfil  state  exert 
a  poM-crful  caustic  action  on  the  animal  body  thougli  in  different  waya, 
ftiid  cannot  therefore  be  sivalloHcd  without  injury,  except  in  very  small 
iiuanlitiea  and  in  a  st:ito  of  dilution.  If  now  the  aqueous  solution  of 
liiydrochl<>ric  acid  and  mriteous  soluliou  of  uninionia,  be  iniNicd  in  certain 
pruporlioHP  (the  rciiuircd  proportions  may  be  ascerlaiiied  by  tlic  use  of 
litmus  or  tiirnieric  paper),  a  jwrftetly  neutml  compound  will  be  obtained, 
which  reddens  neither  litmus  nor  turmeric,  taster  ond  emcll^  neitber  acid 
Rt^r  alkaline,  but  is  devoid  of  smell  and  has  a  saline  taste,  has  no  cor- 
rosive action,  and  may  be  s\^'a!lDwcd  in  miielli  larger  <|Ein[itities.  Tlie 
two  eubstaoGcs  Lave  therefore  nsiiiraiited  each  olber  both  cliemicnlly  and 
physiologically  ;  fi.iiri(tral  compotnid  has  been  formed;  TieutraHftf,  chi^snieal 
et]nitibriiini,  cbemical  indifforence  has  Ireen  produced.  Tlic  proportion 
in  ■w  hich  this  mutual  destruction  of  chemical  properties  is  moal  completely 
elTecteil  is  called  the  j'uint  '•/  vmiraliialiitn,  Esactlyohc  atom  of  hydro- 
chloric acid  is  rcouiicd  to  iieiiti-abze  one  utoiii  of  amniottia.  If  to  thi:« 
neutral  coEiipound  a  fresh  r[jiinlity  of  hydrocliloTic  acid  be  added,  the 
character  of  tlie  acid  will  Rgaln  become  evident  hy  Ha  sour  laete  and  its 
effect  on  lEtmna;  it  will  ]>revai!,  pr^cprmdemCf,  or  1.&  (»  crc^ex,  or  the 
ammonia  wilE  be  attpevsatuyaUd  with  hydrochloric  acid:  airailar  rosiilti*, 
only  of  the  opposite  cbaructor,  would  be  obtaiued  by  adding  more  am- 
monia to  the  neutral  componnd. 


Addenda  to  the  Theory  of  the  Qitalitatite  Alteration  op 
Elements  ra  CoMBiKATioff. 


Ahliongh  the  properties  of  a  compound  are  mainly  dependent  on  Ibo-se 
of  its  elements,  and  on  ihe  proportion  in  wliich  these  clemenls  aro  rom- 
bined,  U  has  nevcrlhtdcsa  been  blioivn  by  recent  experiments  that  other 
vol,,  I.  II 
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oircumetancea  likewiae  liare  an  influence  on  th'w  matter,  Ukd  that  coni- 
puundA  may  eariet  composed  of  tbe  same  euI^etanceB  in  the  sama  proi>or- 
tione,  and  yet  poBBoseipg  very  diSerent  properties.  To  this  part  of  ibe 
subject  belong  Mitecherlich'*  theory  of  DimgrpLisni,  Fuchs's  theory  of 
Amorphisoij  aod  Bttrzelius'a  theory  of  Isom^mm,  Poljmertem,  and  Mcta- 
merifim. 

a.  Diferences  in  the  Prnperttes  of  Compoundt,  viAick  may  explained  on 
the  HypothtsU  of  clij^erent  Made*  of  Arrangement  of  tAeir  Compound 
Atomt. 

m.  Dimorphitm  and  Trivitorphitm. 

The  satne  eubutanceH,  whether  eimple  or  compound,  may  orratalliie  in 
tonaa  whiah  lieloDg  to  two  or  threo  dlG'erotit  syBtomjt  of  cryBtiillizntiun,  or 
wbicli,  even  if  tliey  belong  to  tlioeannj  syatem,  yet  oxhibit  auoh  dirterenuM 
in  tlieir  correaponcling  angles  aa  to  render  it  ijuite  imposi^ilile  to  reduce 
them  to  the  same  fomi:  this  was  first  shown  by  Mit«cherlich,  This  dif- 
ferenoo  of  crystalline  fomi  is  associated  witb  dineronce  of  specific  gmvity, 
bardues^,  colour,  and  other  propeitiea.  Whether  a  budy  shuU  crystallize 
ill  one  ayatcni  or  another  aeetas  to  do|>end  chiefly  on  temperatan^  Cry^talt 
formed  at  one  particular  torn  py  rat  me,  and  then  exposed  lo  that  teraperv 
tiiro  at  w|)ich  crystitU  of  a  different  kind  nre  produced,  often  low  their 
transparency^  tLua,  witLont  alteration  of  external  form,  become  changed 
into  an  aggregnte  of  snmll  cryatala  of  the  latter  kind.  We  may  therefore 
imagine  that  tbo  atoms  of  the  solid  crvittitl  displume  one  another  ia  «ucb  I 
manner  aa  to  bring  about  thai  particular  arrangement  wbicb  they  are  di*- 
poacd  to  assume  at  the  altered  temperature,  the  new  arrangement  belong 
ing  to  a  diflerent  cryatalline  eystem. 

Tbe  caseR  of  DiniurphisTti  hitherto  observ^ed^  including  those  relating 
to  Bimple  eubstances,  are  aa  fellows: — 

Carbon  in  the  diamood  forms  dry^tale  belonging'  to  the  regular  eyHli>iD, 
iu  graphite  to  the  rhombobedral  system^ — unless  the  latter  are  to  be 
regarded  oa  pseudomorphoufi  cryetalfi. 

Suiphnr  cryAtAllise?,  on  eooling  fmni  a  state  of  solution  in  sulpbaret  of 
carbon^  in  rlionihic  octuhedrons  belo'nging  to  the  right  pri^atio  m- 
tem  {/g.  41 — 44),  exactly  like  Hioso  of  native  aulphur;  if,  on  the  other 
liand,  melted  sulphur  bo  alluwc<l  to  cool  elowly  till  a  portion  uf  it  lias 
become  solid,  and  the  still  liquid  portion  bo  then  poured  out,  the  aolidifled 
poition  exhibits  oblique  rbonibio  prisms  belonging  to  the  obllijafl  pri** 
matio  system-  These  are  at  lirat  porfeoUy  tmnsparent,  of  n  deep  yellow 
colour,  and  somewhat  harder  and  Jenaer  ttan  llioso  of  sulpbuj  crir«talJitv4 
in  the  cold;  but  after  being  kept  for  a  few  daya  at  ordinary  tem|>er»tfli«, 
(bey  become  opaque,  and  of  a  etraw-yellow  colour.  At  the  lowpr  tem- 
perature, therefore,  the  ntoma  of  gulidiur  arrange  tbeniaelves  tn  such  a 
Jnanner  AS  to  fortn  a  rhombte  octohedton,  at  the  hiirher  temperature  juat 
Mow  the  melting  point  (about  107"  C-,  or  m°  Fnb  ),  tbe  ioo<io  of 
arnu)ircnient  Is  audi  ae  to  produce  an  oblique  rbombiL'  prisnt.  When 
iKMBUtt-menlioavdorystAlflara  brought  to  a  tower  temperature,,  a  genonl 
(UfpluanieDt  of  the  atenu  appears  to  take  place,  whereby  they  are 
brought  into  thn  partirolar  retatiTo  position  whicb  belongs  to  tbe  rhumbic 
ootohedron;  and  this  change  dcfllroya  iheir  transparency,  beeauM>  in 
plA«fr  of  one  orystttl  an  aggn^gate  of  cryntallino  particlee  ia  proiluccd 
whirh  refract  light  in  dtffereut  dirmtioiia  (Alitscherlich).  Aocording  to 
Fnuikonbeim  (J.  pr.  Vhan.  16,  5),  eulpbur  oasumea  tbe  form  of  tbe 
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li4U9  rhointic  prism  when  precipitated  from  solutions  or  sublimed  at 
mperatorea  near  iU  moltiug  point. 
Native  copper  generally  occure  in  cobes  and  other  forme  belonging  to 
llie  reguliLF  HyBtein  ^  but  Hauy  once  found  it  in  double  ais-sided  pvmmida 
witli  tmiicated  edges  {fg.  J38).  Seebeck  likewise  obtained  copper  after 
fusinn  in  crystals  belongiug  to  tlie  rLoniboLedral  system.  According  to 
Haiilinger  and  H-  Rose  {Poytf.  23,  107J,  however,  these  crystala,  which 
nppcQi'  tt>  belong  to  the  rbonibohedral.  are  really  made  cryetala  of  the  cubo 
with  pyra.niiiia.L  quBUiiitB  {fig.  9),  and  therefore  belong  likewise  to  the 
regalar  eysteni. 

Snboiide  of  copper  occurs  iu  ordinary  red  copper  ore  in  regular  ooto- 
heilron»  and  other  fome  belonging  to  the  regular  eystem,  bnt  in  cupper- 
bloom  it  exhibilB  a  regular  Gi^-^irJcd  pri^iii,  whoae  planer  of  cleavage  Are 
pnralJfl  to  the  fnceaofai]  obtuse  rhombohedron.  (Succow, /"oj^y.  34,  ^2g.J 
This  may  be  regarded  as  a  case  of  dimorphism  similar  to  that  of  copper, 
inaofar  as  the  latter  la  rcaSly  dimorphoua. 

Protoxide  of  lead  eiystidlizcs  after  fusion,  as  well  aa  from  a  fiatnmted 
uluLiun  in  hot  concentrated  c&uetic  pota^li,  in  yellow  rhombic  oclohedrons. 
If.  however^  the  solution  \s  not  fully  aitumted  with  oxide  of  lead,  so  that 
crystall illation  doea  not  take  place  till  after  complete  cooling,  red  cryatal- 
line  flcales  are  deposited  on  tho  yellow  rhombic  oetohedrona  just  formed  : 
if  the  tod  crystals  are  heated  they  turn  yellow  on  cooling,  in  consequence 
of  parsing  into  the  rirst  form.  (Mitscherlieh,  /.  pr.  Chem.,  19,  451.) 

Oxide  of  titanium,  Ti  0',  occura  in  nature  in  the  two  forma  of  anataae 
and  rutile.  Although  both  theNe  crystala  belong  to  the  square  pmmatio 
eystem,  their  angles  are  incoiDpatibIc;  they  cannot  be  reduced  to  the 
Bame  primitive  form ;  the  specific  gravity  also  of  anataae  ia  3"826,  that  of 
rutile  4  249. 

Arsenioiia  acid,  As  0',  generally  cryatallizes  in  regular  octohedrons; 
but  Wbhler  {Porfrf.  26,  177)  found  it  also  in  the  form  of  native  oside 
of  antimony,  Sb  0'  (Weiaaspicssglanierz),  which  belongs  to  the  right 
prismatic  eystem.  Wijhler  also  obtained  artificisilly  crystallized  oxide  of 
antimony  in  regalar  octohedrona.  Consequently  As  0^  and  Sb  0*  are 
iso-dinvrrphons ;  i.  e..,  they  are  capahlo  of  cryaiallieing  in  two  different 
forms  wbicli  are  similar  each  lo  each. 

Disnlphurot  of  copper,  Cu' S,  appeans  in  copper  glance  In  crvHlqls  of 
the  rhombohedral  system  (/y.  131,132,1 3i>.  1 37 )i  but  Mitscherlich  [Pntig. 
28,  157),  by  melting  together  Urge  quantities  of  copper  and  sulphur, 
ubtaioea  it  in  regular  octuhedrons.  These  two  forma  ore  tlie  same  as 
those  of  copper  and  Its  red  oxide. 

Bisulphuret  of  iron  occnrs  iu  nature  ss  iron  pyntee  in  cryatulfl  belong- 
ing to  tlie  regular  syateni,  {jig.  IS,  19,  20,)  and  as  white  iron  pyrites  in 
those  of  the  right  priamatic  system,  the  latter  being  of  a  paler  yellow 
and  much  softer.  Breithaupt  imagines  that  the  oblique  rhunihic  aulphiir 
which  may  he  supposed  to  exist  in  common  iron  pyrites,  has  imparted  tho 
hemiltedral  character  to  the  irtitt  which  hae  retained  its  original  system, 
—and  that  the  while  pyrites,  which  in  form  reseniblcH  the  rhomho-octo- 
bodral  sulphnr,  may  contain  this  kind  of  aitlphurj  and,  accordingly,  that 
the  white  pyrites  has  been  formed  at  a  lower  temperature  than  the  com- 
mon mriety- 

Protiodide  of  mercury  ecparatPfl  from  eohition,  and  likcwiae  enblimeB 
a  very  gentle  heat  in  scarlet  tablea  belonging  to  the  square  prismatic 
"system,  but  when  fiubliniod  at  a  higher  temperature,  iu  Bulphwr-yellow 
fhombic  tables  of  the  ohliqufl  priamatic  aystem.    The  red  crystal  turo 
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jeltow  as  often  as  thcj  are  liCB.te(],  aod  resume  their  red  tint  on  cooling. 
The  yellow  cryslals  obtninoil  by  eublimatmii  retain  llielr  colniir  when 
ooolu'l ;  Imt  on  tlio  eligliteet  niUiiHg  or  Btirnng  with  a  point^ii  iiwtni- 
tnCht,  the  [lart  whicli  ia  touche-l  turtia  scarlet,  and  this  cliann;^  of  colour 
extenuls,  witli  a  Blight  motion,  as  if  the  mass  were  alive,  tlironghoiii  cho 
■wbnle  group  of  crystals  as  far  aa  they  aillicre  tug^ther.  In  thia  l-hhc  llio 
yellovt-  rryatals  retain  their  extoriial  fomi  uiicliangcd,  while  the  con)poun<l 
atoms  must  havp  fatten  up  tlio  relntive  position  whidj  bolonga  to  tlie  red 
cryfltals;  the  yflllow  cryetala  nre  therefore  pspudomorplione.  The  sarao 
crystals  turn  yellnw  every  time  tliey  are  heatwl,  and  red  a^iin  ou  cool- 
ing. (Hayep,  SifLAm.J.,  16,  174;  also -S'c/uc.,  57,  199.)  The  orijjitial 
red  crystals  also  turn  yellow  wLcn  heated,  and  retain  this  colour  after 
cooling  fnr  several  <layfi,  even  when  touched  with  foreign  todies,  and  ttt 
length  sjiontaiicout^ly,  l>ut  very  slowly,  reennio  tlieir  red  colour,  AVIu'd 
the  red  crystal*  are  sublinieil  at  a  very  pentit!  heat,  red  and  yellow 
cryfital*  autlimo  tiipr  lher.  If  a  glass  pl&le,  haviiijj;  tioth  red  ami  yellnw 
crystiils  on  it,  l>c  wanneil  so  ;^cu11y  that  tlic  red  ones  do  not  chahpi" 
colour,  but  siiljUntatioii  neveitheless  pots  on,  lioth  red  and  vell-ow  crystals 
collect  oti  a  pl.ite  held  above  the  fornicp.  Now,  sjoec  the  tipper  |dat^^  is 
cooler  ibiin  iLe  lower,  iintl  the  latter  ia  not  hot  enough  to  change  lie 
Coluor  of  llie  rcil  eryatala,  tlio  yellow  crystals  on  ihc  upper  plate  can  haY« 
cotno  only  ftoni  those  of  tlie  »ame  colour  on  the  luwer ;  llicy  iiiufii,  ibere- 
fofe,  tavo  6uldiiiic<3  a*  yellow  crystals,  auJ  the  vapour  of  the  yellow 
CTyslals  mmt  be  difTerent  from  tint  of  the  red  onea.  (FraTtliCuhcim,  J. 
pr.  C/i'm.,  10,  4.) 

Carbouate  of  lime,  Ca  0,  C  0',  in  the  fonn  of  calcspar.  whoffe  pp.  gr. 
=  2'T2I,  betongx  to  the  ilionilioheilral,  in  nrrogotiete,  whose  sp.  frr.  Is 
2'&3iy  lo  the  riyhl  |jrisniatic  Hystem.  (An  esplanalion  of  thb  dilftr- 
enco  was  formerly  boiiybt  in  the  fact  diiicovcrpd  by  Stromeycr,  vii.,  tlint 
arragouito  usually  contains  cimall  quantitieij  of  carbonate  of  stroutla.) 
The  eaiiie  peculiarity  is  jiTcsciited  by  carLonate  of  iron,  FoO,  CO',  wliieli 
tn  sparry  iron  ore  (of  3  f*72  tp,  ^r,)  has  the  form  of  calcp^mr,  tu  jiinkcrtle 
(of  1 5  8p.  gr.)  that  of  arriigonite,  Ht>nce  Ca,  Co',  and  Fe  0,  G  0*  iu« 
ieodiinor])l)ou».  If  a  Hctlution  of  earbonatc  of  lime  iu  water  containing 
carbonic  acid  be  left  lo  evaporate  at  the  ordinary  teniperatiire,  nothing  i» 
obtained  bot  eu1ci<par,  in  microscopical  and  for  the  iut.et  part  trnncat^l 
priniittvt  rlinmboidx  (fy.  142);  if,  on  the  contrary,  the  eolntion  be  CAiipo- 
rated  over  the  watcr-batli,  arrnponitc  is  ubtaincd  in  eninll  G-sidcd  prienui, 
mExcd  with  a  few  cry.-'tnls  uf  calcsimr,  because  the  Icmpcrature  of  ibo 
Bolution  t6  lower  at  firtt  than  it  afterwards  becomes,  and  the  tp.  er.  of  ihfi 
liaaid  is  not  hi(;ber  than  2'K03.  W  hen  an  ac|ueous  solution  of  chloride  of 
caleinni  ia  mixed  at  orJinsrv  tenipemtures  with  au  aq^ueous  solution  of 
cnrbonato  of  umnionin.  a  vutnniinoue  floccuhmt  precipitate  of  rhiilky 
(amorphous?)  carbonatu  of  lime  ia  lirrt  prodnecd,  wlilcli  if  immcdiaicty 
ciiilpcleil  on  a  filltT,  waulied  nnd  diied,  remains  unaltered,  poE«»ein{f  a 
fj}.  gr.  of  l  yiG,  and  apprariti^  uuiler  the  microKCOpc  to  coneiGt  of  ^uiall 
t  |.iii<|n('  i^iHiiulcp;  b^it  if  this  e,iiue  precipitate  be  left  for  tome  time  in  the 
mliiic  Iii|uiil  from  wliicli  It  has  been  jTedpitated,  it  collect*  iuloinicro' 
■I'upii-ul  crv"taU  of  calcspar,  of  2"7JU  tp.  gr.  If  tlie  same  wline  solutions 
bi-  niiTcd  boilitig,  the  c':irbonatc  of  aninionia  being  added  to  the  chloride 
of  calcium,  amtgon'tle  in  oUtaini-d,  mixed  with  a  email  portion  of  ealcsimr. 
If,  on  the  contrary,  the  ehlorido  of  calcium  bo  added  t«  tlic  cnibciimln  ol 
ammonia,  arra^'oiiite  is  oblnined  althtie,  in  exceedingly  email  cry«.tuls  of 
S'9<9  nji.  gr.    If.  however,  tit  vfo  cry*talfl  are  not  iiiitnc«liu1<0y  eollccted 
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n  a  filter,  ipashed  an<I  drietl,  hut  allowed  to  remain  iti  tbe  liquirl,  they 
~radnally  clsanji^e  after  the  liquid  has  cociled,  and  in  about  a  week  are 
ompletcly  converted  into  calcsjmr;  in  pure  water  tbts  tr^nsfonnation 
gficB  on  nnicli  riore  elowly,  ^VliPn  curbotinlc  of  lime  is  fused  under 
■trony  pressurej  as  in  Hall'a  ritethod,  it  invariably  erystalJizes  on  cooling 
in  the  form  of  calcaiiar.  A  tolorablj  Ijirge  cryHtal  of  arragonite  falls  to 
pieceis  at  a  low  ted  Jieat  without  losing-  weight,  and  fonna  a  wliito  Apaijue 
coarse  powder,  having  a  pp,  gr.  of  only  2-706.  Hence  it  follows  that 
oarbonate  of  limo  eryelallcMg  at  about  lUO*  C.  in  the  fftmi  of  arragonite, 
but  at  a  lower  tempei-ature,  or  at  a  red  beat,  in  iLe  form  of  caJcspar. 
The  arragonite  whivL  orcura  iii  the  cavcrua  of  volcanic  districts  ninat 
liftvo  been  formed  by  infiltration  while  the  masa  was  yet  warm.  Accord- 
ing to  these  expcrirueuta,  carbonate  of  sIroFitia  ia  not  neceFsary  to  tde 
fonnatiou  of  arragonite;  indeed,  many  ppeciniene  of  natural  arragonito 
are  free  from  it.  Since,  however,  arrajjonite  and  (MLrboniite  of  atrontiit 
pry*t«lliae  in  tbe  bftnie  funii,  the  latter  may  often  heeouie  mixed  with 
crystals  of  the  former.  If  chloride  of  strontium  be  ilecomposed  by  car- 
bonate of  ammonia  in  tbe  cold,  carbonate  of  stroutia  pru<(!)[ittalc«  iu  an 
indctermioate  form,  bnt  assumes  lbe  form  of  arrngonito  on  being  liented. 
Cliloride  of  barium  and  chloride  of  le'td,  treated  with  carbonate  of  ammo- 
nia in  tbe  cold,  yield  precipitates  of  carbonate  of  baryta  and  carbonate  of 
lead  in  tho  form  of  arragonite.  The  carbonates  of  barytn.,  etroatla,  and 
lead,  cannot  be  made  to  aaemne  the  form  of  calcspar,    ^H,  Kose,  Po^ff., 

>47,  353.) 
i'  Nitrate  of  potasli  usually  cryt^talHzee  in  prisma  of  the  form  of  arrngo- 
Itite:  but  if  a  drop  of  the  a'juGons  solution  of  tl)ii$  eilt  bo  left  to  evaporate 
on  a  glasA  plftto  and  the  crystallization  observed  undef  the  microscope,  it  . 
will  be  found  that  a'uh  by  c<ide  with  the  prismatic  crystals  at  the  edge^  of 
the  droji,  a  number  of  obtuse  rhomboids  of  the  calcspar  form  are  prodnced 
just  like  tboao  in  which  uitmte  of  ecnla  crystallizes.  As  tbe  two  kinds  of 
cryBtals  increase  in  nizc  and  approach  one  another,  the  rhomboids  bt'cotno 
rounded  off  and  diesulvc,  because  the^  are  more  eofilly^  soluble  than  t}i>Q 
othera,  while  the  arragonitc-shapod  priBins  gn  on  increasing  in  size.  When 
tho  two  kinds  of  cr^-stals  come  into  immediate  contact,  tbe  rhomboidal 
ones  instantly  become  titrbid,  ocqnire  an  uneven  surface,  and  after  a  abort 
time  throw  out  prisma  from  all  parts  of  their  eurfacea.  Contact  with 
foreign  bodies  also  brings  about  the  trans  formation  of  the  rbomboida 
while  tboy  arc  wet.  If  tlie  dropa  are  so  shallow  that  the  litjuid  dries 
round  tbe  rhomboids  before  they  are  disturbed,  tbey  will  remain  for  weeks 
without  disintegrating,  and  boar  gentle  pressure  with  foreign  bodies 
without  alteration;  but  stronger  pressure,  or  seratching,  or  the  mere  contact 
of  a  prismatic  cryaial  of  saUpctre  causc-s  them  to  change,  a  delintte  filui 
proceeding,  as  it  were,  from  the  point  of  contact  and  eprendiug  itaelf  over 
their  surfaces;  they  then  behave  towards  foreign  bodies  lite  a  heap  of  line 
dust,  but  retain  their  transparency.  The  rhombobedrous  are  also  tmns- 
furnied  without  alteration  of  csterual  appearance  when  bcaterl  consider- 
ably above  1 00"  C. :  they  then  become  much  harder,  bccaose  the  line  powder 
first  produced  bakes  together  into  prieniatic  crystals.  A  Jtot  eolulioa  of 
saltpetre  yield*  when  slightly  cooled  nothing  but  prismatic  ciystals;  but 
at  J-O'C,  (+14"  r,T.h.)  prismatic  and  rhombic  crystals  appear  together ;  if 
ftlcohol  be  added,  the  latter  aro  formeil  moat  abundantly;  the  addition  of 
pota^b,  nitric  acid  or  nitrate  of  6oda  producea  no  alteration.  (FrankcD' 
heiro.  Poff'j-  *0,  447  ;  also  J.  211:  Ohcm.  IG,  1.) 

Sal-alnme&iac  ^hich  commonly  crystallizes  ia  regular  octohcdroaa 
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appeare  at  ihljflier  temperatures  to  aeeume  fornis  belonging  to  the  riglit 
prismatic  Bystem.    (Fmnkenheim,  J.  pr.  Chtvt.  16,  3.) 

lodido  thf  potassium,  wbicb  usually  crystallizes  in  oulaes,  liVewiN 
Xgrms  ^qua.rci  prisms  with  truncated  euramtts  ((t^.  32)  whicb  cannot  ba 
re(fardcd  as  cubo-ctctohodroD»becftUee  their  e-facea  make  an  angle  of  120' 
Willi;)  and  of  about  150°  with        (Kane,  Phil.  Mag.  J.  16,  222  ) 

Chroniiite  of  leaii  occurs  in  red  lead  spar  in  the  form  of  oblique 
rhoinbic  pri^ims:  but  in  chromnto  of  teaJ  from  the  Bannat  tb«  auas 
suhstaDce  presenta  furmj  bolQ.pgifig  to  the  Bquare  prianifltic  eyslcm,  baviDg 
the  fiamo  angles  ae  inolybclate  of  lead,    (JohnstoH.  Phil.  Ma(f.  J.  12,  3*17.) 

Salphate  of  Dickel  (Ni  0,  80',  7A(|)  ctyatalliBes  {a}  below  15*  C. 
(rjQ"  Fab.)  in  Hglit  fhorabic  prisms  (/y.  T3);  (6)  tctween  15'  and  20'  C. 
(s!)"  and  HS"  Fah.)  in  atiute  octoh<jdroiis  with  square  baaea  (Jiff.  36.  37); 
and  (c)  aboYe  30"  C.  {86°  F&h.)  in  oblique  rhombic  prisma,  aXm  ia 
fome  ijelon^inj;  to  the  right,  eqiiare,  and  oblique  prismatic  isyeterne:  it  is 
tborofore  trinutrphmi.  The  right  rhombic  priama  (a)  when  exposed  to 
fiiinlight  for  a  ftiw  days,  ndither  liquefy  nor  lose  their  form  or  water  of 
oryatallijatiou,  but  wlien  broken  are  found  to  he  made  up  of  square'baecd 
outubudrunH  often  (leTcraS  lines  in  length. 

Tho  ffdiowiiirg  ttalL^  isnmorpboua  with  sulphato  of  Diokel  have  hitherto 
lioDQ  ubtained  in  only  two  ocit  of  the  three  fomiB  just  mentioned.  Sulphntv 
of  zino{Zn  0,  SO',  7A'|)  cryatalliitea  below  52'=  C.  (V15G°  Fah.);  in  form  a, 
bolow  52°  C,  aa  obaorved  by  Haidingen  in.  leas  transparent  cryrtols  lik^  c; 
if  crystal  a  bo  heated  in  oil  or  !□  a  glass  tube  nbnvc  52"  C,  it  booinc* 
auft  at  certain  points  without  hiaiug  water  excepting  any  that  may  )•« 
adhering  |q  it  nit^oLanically,  and  from  thoao  points  bundles  of  milk-wliilo 
cpyetals  c  ^hout  out  towards  the  inside  of  the  tran«pareHt  crystjil  until  |h4 
Whole  ia  compEotely  transfonnod.  If  the  crystals  obt»iu«J  aboTO  ^T  be 
■lowly  Cooled  after  drying  they  remain  tolerably  cl(sar ;  but  whon  cooled 

S[uiolily  before  drying  they  b^ome  opnque,  and  when  broken  are  often 
band  to  consist  of  an  agjrregate  of  crystals  <i,  these  having  been  firrt 
furmod  in  the  adhering  mother-liquid  and  sultsequontly  estobded  through 
the  orystala  already  formed.  Sulphate  of  nmgneaia  (MgO,  SO*,  7Aq) 
like  tiuiphate  of  zinc,  yields  right  rhombic  prisms  a  below  5?',  and  oliliqiiti 
rhombic  priame  t  above  ^2";  giud  the  crystals  a  when  heated  nixive  S'±  nn; 
immodiiately  oonvertod  into  an  opriquo  aj;gregate  of  crystals  ff,  whioh 
proceed  from  the  aurfnno  of  the  crystals  and  meet  in  the  middtft.  6el»- 
niate  of  sine  (Zn  0,  Sc  0*,  7A'{)  crystallizes  at  a  lowini-  t«itipcrature  lik*  i, 
at  a  higher  t«mpenkture  like  b,  and  the  i-rystala  a  undergo  an  alteration 
of  internal  structure  when  expofted  to  annshine.  (Miticherlich,  i'twa.  6, 
19  and  12,  U4.) 

Aoid  phoaphftto  of  soda  (NnO,  PO',  4Aq)  cpystalliiei  in  two  fcricn  of 
forma  {Ji^.  CI — fl4)  both  of  which  heb-)ng  lo  the  rieht  prismatic  6y«l«ni 
bat  bavo  incompatible  anglca.  (Mitacherlteh.) 

Veaarian  (ny  30)  and  garnet  (fig.  3)  conaist  of  tho  sBme  ohetnieal 
«OBp&iii)d,  crytitallited  in  fiiritiit  which  belong  to  (he  square  prif^nuitic  ami 
npuar  Bystenis  rnspoctively  {C'omp.  page  106). 

Kareten  likewisu  regards  iw  dimorphous  compounds:  Aug'tto  and 
Wralatqiu;  fcbporand  alMte;  Aodalilo  and  acnpolito. 

0,  Amorphimt. 

Every  eolid  bi«Iy  !■  cither  erytrtalliDo  or  amnrphona.  In  tb«  l»U*T 
•UM  it  u  de«tUuiv  Dot  odI/  of  o^vtalliaB  Ibmi  but  of  ^  timoM  oTcryf^- 
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tolline  structnre  eveu  in  its  Binalleat  partiolee.  It  has  no  power  of  double 
rt'fnwtitm  as  many  cryatala  have,  no  planes  of  cleavage,  being  ei^ually 
easy  or  equally  (1idi<;mt  of  acparatron  in  all  directiuue,  auJ  exKibiU  wWa 
broKen  not  Eigmuulur  but  a  conchoidaJ  fracture.  Marble  and  evea  commoq. 
iiEne«tono  are  not  aiiiorplious  bodioa  but  a^regatea  of  amall,  imperfectly 
deveb>ped  cryfitala:  glass  is  araorpboiis. 

We  often  find  the  eame  body  aBatiming  (be  crystalline  or  the  amor- 
phous cooditioD  according  to  tbe  ciiTuniHtauoeB  under  which  it  pasaea  from 
tbe  liqwid  to  the  solid  etate:  Bouie  boiliea  again  are  more  inclmed  1u  tbe 
vryatalliue,  others  to  tlteaaiorpliouB  state:  Honie  arc  known  to  exist  in  one 
only  of  these  conditions.  The^aine  budy  is  generally  Hpeaking  apecifically 
heavier,  harder,  and  lesa  soluble  in  tbe  cryetatliue  tban  it  la  in  the 
suioq,ihous  state :  tbe  atoms  seem  tu  be  mors  closely  packed  in  the  former 
(WDdition  than  in  the  latter.  According  to  Graham,  an  amorphoue  body 
also  coataina  a  lar^r  quantity  of  cuinbiiied  heat  tban  one  which  haa  a 
crystalliiie  structure,  Tbe  passage  of  a  body  frotn  the  amorpboua  to  tbe 
crystallinQ  »tate  is  called  by  Fuclis  Transformation,  and  the  change  from 
the  cryBtallriiB  to  the  amorphoug  etate  DefQimalion.  The  amorphous 
state  is  particularly  upt  to  occur  when  the  atoms,  either  from  viscoaity  ia 
the  liquid  o^r  u  too  rapid  paagiigo  from  the  li(|uid  to  the  Hulid  state,  are  not 
able  to  arrange  themselves  in  that  peculiar  manner  wbieb  couatitutea 
orystu-lline  structure, 
k     An  anvorphouG  body  may  be  produced : — 

w  1-  By  fusion^lbe  process  ia  then  called  ViCj-i/icaiion. — Common  glass, 
tnany  Klttgii;,  obsidian,  pittnice-Hlone^  pearl-stone,  ritrified  borax,  phtisphorie 
acid,  ar^enioua  aeid,  arsenic  acid,  boracic  arid,  &c.  All  bodies  ivhicb 
Solidify  ill  tbo  amorplioua  state  form  viscid  liquids  when  melted,  Jf  n 
body  ftppoars  transfiarent  imTuediatcly  after  fiooUng  froTn  a  state  of  fusion, 
it  may  gchernlly  he  regaJ'ded  aa  atnorpbous;  but  if  it  becomes  opaque 
upon  cuoUng,  although  it  wa^  transparent  while  melted,  it  ia  then  most 
probably  crystalline,  (^.,13.  hydrate  of  potash  and  carbonate  of  lEnie): 
betauae  the  numerous  small  cryatala  interlacing  each  other  in  all  directioua 
refract  light  In  a  <?oufused  and  irregular  manner.  According  to  Graham^ 
acid  phosphate  of  soda  gire^  out  less  beat  at  tbe  moment  of  eolidification 
than  acid  ar^^euiute  of  soiia;  the  former  solidilies  in  the  form  of  a  trans- 
parent glaee;  the  latter  in  that  of  au  opaque  iibrona  maas. 

2.  By  evaporation  of  a  solution. —  A  aolutionof  gum,  glue,  white  of 
egg,  soluble  glaaa,  in  water,  and  of  most  reaius  in  alcohol,  leaves  the 
dissolved  bodies  in  an  amorphous  state  when  tlie  liquid  evaporates.  All 
the»e  bfwliea  require  but  a  very  Bnmll  (juantity  of  the  solvent  to  retain 
them  in  the  liquid  etate;  conaeqiienlly,  after  the  greater  portion  of  it  has 
evaporatett,  they  etill  remain  diaeolved  and  form  very  ttick  solutions,  the 
viBcoaity  of  which  appears  to  prevent  the  particular  mode  of  approxima- 
tiou  of  the  atuniB  required  for  cry stalli Ration , 

3  By  preeipitation, — Most  if  not  all  roluminous,  gelatinons,  and 
viscid  precipitates  must  be  regarded  as  amorphoua.  Some  of  tliem  retain 
this  condition  even  after  remaining  for  a  long  lime  in  tbe  liquid,  and  form, 
after  washing  and  drying,  earthy  or  transparant  maasoB  having  a  con- 
cboidal  fracture  like  alumina  or  phosphate  of  lime;  others  sink  to  the 
bottom  of  the  liquid  in  which  they  are  produced,  and  with  various  degrees 
of  rapidity  collest  themselves  into  an  aggregate  of  small  crystals,  e.ff.  uric 
acid  and  carbonate  of  lime.  [Comp.  Link  {PfiUff-  id,  25S.)  ;  Mitscherlioh 
(Ann,  Chm.rhffs,  73,389);  Erdmann  (J  pr.Chem.  ]»,  343,  345  and 
353.)] 
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Tie  followiftg  is  a  list  of  bodies,  eltimentary  aubataneca  iuoluded,  in 
Tfhich  botli  conditiohs  have  bcoii  observed : 

Cnrbon  is  crystalliEed  in  the  diamond,  amurpliuaB  in  cliarcoal  and 
lamp-bluck,  aud  aceoedin^j  to  Kiiclits's  view  in  {^rajiliite  also. 

Pliosiiliuriia  Itopt  under  valor  in  the  daili  bt'ooincs  covered  willi  » 
wlii£p  opaque  eriit*t  wliicli  contains  no  water  Irut  cou.vista  of  pure  idi'is- 
pLoiii!^,  and  wbeu  lu'fitcd  iibovo  104  Fiili.  nicUa  agaiu  -wiiiiQUt  \u»*  "( 
wcijllit  t«  tbc  elate  of  ordinary  iibonj.bi.irue.  (K.  Hose, -Poffg,  27,  iti3,) 
One  o-f  theeo  two  coiidltiotia  ia  j^robably  amorjilious. 

When  sulphur  is  licated  (Kin.'iidBrably  above  its  moltinii;  point  t"  nboal 
180^  or  200  C.  at  300^  Fab,)  till  it  becomea  ^iiiity  vjjjcid  and  tUea 

ourcd  into  water,  it  solidifies  to  a  soft  liyacintL-red  litreoHs  mass,  which 
owevcr  in  a  few  days.  rL'surncB  iU  erystalliise  etiucturo  and  l»e<:miic« 
yidlow  and  opai|iie,  (FucW)  When  this  gyft  vitreous  sulphur  is  placed 
in  au  oven  heated  lo  about  08''  C.  {-209-  Fall.)  its  temptmtur*  aa  winn  M 
it  teafbes  93'  C.  (ltliJ-4'  Fah.)  rises  suddenly  to  1  lO"  C.  fir  230  Fab.  and 
it  tbeti  becomes  hard:  consequently,  at  a  teinpcraturo  near  it*  tiiidtiii^ 
point  tbc  sulphur  pas«ce  qiili;kly  to  its  t>rdin!»ry  crystalliuo  tlate,  the 
cliang'C  being  acconipauicd  by  a  di5fnj;ap™ont  of  hc:it,  {Re^iiavilt, 
A»7i.  Chtm  Phyi.  7G.  20(i.)  ";\t  diflcrcnt  temperatures  melted  sulphur 
may  exist  in  ihrcc  difiorent  etatca,  cwlourlcfia,  ysjllow  and  red.  By 
urannitif;  a  ctdhI!  quaiititv  of  flowera  of  Eulphur  «n  a  plass  plate,  or  by 
sublintQLiun,  we  may  obtain  coIonrleKij  drops  which  often  remain  forwei-ka 
without  cryaCalliEis}; :  they  appear  in  correaponJ  to  the  rbombo-octohedml 
mlpbur.  At  a  higher  temperature  these  drops  beeouie  yellow,  tlieii  by  a 
quifk  tRin«ition  grcon,  and  laistly  ikrk  red.  A  drop  of  eulphur  nnojuully 
heated  oxliibit^  u  sharp  deuinrcaiion  of  the  red  and  yellow  port ious ;  Ihe 
crystals  first  formed  by  eoolinf.'  do  not  ojtlend  into  the  red  |>art,  TLo 
yellow  nieltod  §iil]jliyr  may  perhapjj  c<jrre5pODd  to  Ibt'  oblique  rliumbtr, 
llio  red  lo  some  other  (the  aiuvrphous)  variety.  (i'r»nkeuheim,  J,  pr. 
Cfmn.  1«,  5.) 

Silictum  which  liaa  not  \ie^a  ignited  bums  when  heated  in  the  air: 
but  that  which  ba*i  hetn  previously  ijEfnited  in  liydrogen  gae  dots  not:  the 
former  in  probably  aiuorjihoue,  the  latter  cryetwllitie  and  therefore  nioro 
Coherent. 

Tlic  reniarlvablc  properties  of  platinum-black  are  in  all  probability  du9 
to  an  ainorph&ua  coudition  of  tho  ntetaL 

The  grey  native  flulphoret  of  antimony  and  the  bfoWd-rcJ  aulieinncft 
called  Kernics  mineral,  must  be  regnrded  ils  the  name  eompouiul  SbS'  in 
ita  crystalline  and  amorpboua  Mates.  Kermcs  mineral  fused  out  of  eim- 
taot  of  air  sultera  no  alteration  in  wci^flit,  but  eryjitttUiEee  on  cooling  into 
a  nia*8  rcaembling  the  native  f  iilphurct :  on  the  other  hand,  Fuchfi  hi« 
•Uowu  that  when  the  hitter  in  kejit  in  the  fnsed  elate  fur  a  rooiiiderablo 
time  in  a  narrow  phuis  lube  (if  fused  for  a  t-liort  time  only  the  oltetmtioB 
in  not  cowplete)  aud  then  thrown  into  cold  water,  a  thiuin^  dark  gmry 
tnosa  is  obtaiaed,  wbieli  a^ijieara  of  a  dark  hvaeiulli-red  coluiir  by  tius- 
tnitted  litjht  when  in  Ihin  lilmy,  huH  a  concboidal  fraetnro  and  a  sp.  gr.  of 
4'15,  while  tliat  of  Ihe  native  sulphuret  is  i'lH-l ;  ftdien  rubbed  it  yields 
a  red-brown  powder  feinillar  to  KenncTi  mineral,  but  Bomvnhat  darker; 
vhereun  tbc  nuuve  .(ulpbtiret,  however  linelv  il  may  be  [Kiwdered,  relaiat 
ita  grev  colour.  When  this  cjuiekly  eooled  nia**  ie  iigain  mellod  and 
Buffered  to  Coo)  elowly,  it  returnii  to  the  eryKtalJino  atatc  of  the  nativo 
■uijihuret.  Hapid  cooliny  prevents  the  erystatliue  airongi-'nwiil,  and  tko 
bony  remaiua  for  tho  most  part  amorphouH. 
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The  black  suljihoret  of  raercair  obfained  hj  treating  n  protoaalt  of 
HibFciiry  wiUi  exMifa  of  eulpburotteiT  by*lrof;eii  liaa  exactly  the  same  com- 
~:('6ition  as  Kinnnbar,  viz.,  H'^S,  niiA  wlieu  !~ubliiiieil  paseta  without  alter- 
alioit  wf  wcig-liE  to  tbc  comlitiou  of  that  eubstaiicfl:  un  the  contrary, 
Rccu'riling  la  Fucht',  when  Gncly  iioundcil  cionnbar  h  beated  till  it  begins 
Ui  ^iibliiuu,  itud  thcH  thronrn.  into  «old  wat«r,  it  ie converted  into  the  black 
eiilpliurt.'t.  Id  tbiti  ca.se,  coatmry  to  tbat  of  Eulphuret  uf  antimony,  tbe 
cryatulliuc  enlphuret  is  red  and  transparent,  whilst  tho  amorphous  variety 
ie  grey  aad  opnque. 

Cbroinate  of  load,  when  slowly  cookd  From  a  state  of  fusion,  is  brown 
"nd  yieMs  u  yellowish  brown  powder,  but  when  suddenly  cf»oled  hy 
tbrowio;^  it  into  cold  water,  it  ie  redj  and  yields  tt  rod  powder.  (Marcband, 
•f.pr.  Ckfiiu  19,  ff5.) 

Qnorti  lias  n  specific  gravity  of  2'652,  refracta  ligbt  doubly,  is  but 
Tftfy  slightly  soluhle  in  boiling  solntiitn  of  potash,  and  tioes-  not  harden, 
"OWe^■e^  finely  it  may  be  divided,  iii  contact  with  lime  and  watir. 
Opal  has  a  ay.  gr.  of  2  I_1D,  refracts  singly,  dissiilvce  easily  in  boiling 
Ciiuhtic  potash,  aluwly  in  tlic  same  when  cold,  and  hardeiia  with  lime  and 
Wiitpt  into  a  mortar.  Both  minctnls  conaisi  of  BiHca.  Op&l,  however, 
contains  from  a  to  ]  2  per  ccnl.  of  water,  and  tlio  difference  betweeu  tliem 
lias  hccn  ascribed  to  this  circumstanco,  opal  being  regarded  as  a  liydm,!? 
of  .silica.  But  for  this  the  quantity  of  wa.Cer  in  opal  is  too  HOiiill  und  too 
Tarlahlc.  Fuchs,  therefore,  regards  opdl  ae  amorplious  allies,  and  his 
view  t8  supported  hy  the  fjiet  thi^t  opal,  after  all  ita  water  has  beeu  ilriveti 
ort"  by  ignition,  presents  almost  tha  same  appearance  and  is  nearly  aa 
,Bolub[o  in  potash  as  before.  SiliciL,  artitieially  prepared  {hy  fasing  any 
siLiieoua  mineral  with  potcsh,  treating  the  fused  masa  with  dilute  hydro- 
cblorio  acid  in  excesa,  evaporating  to  dryneaa,  and  dlget-ting  in  water,) 
fa»s  likewitfG,  after  ignition,  the  ,«anie  aetiuii  with  caui^tic  pcitat^h  (Ijat 
opal  has,  and  inuirt  therefore  iti  like  manner  be  regarded  aa  nniorphoua. 
Chalcedony  is  a  mixture  ul  quartz  and  opal;  boiling  caustic  putii.ah  dia- 
iflulves  out  the  latter  and  leaves  the  former  in  the  state  of  cacbeloug. 

Arsenious  acid,  when  sublimed  oii  the  targe  scale,  solidiHea  from  the 
efTect  of  tbe  high  tcin];ierrilure  inio  a  perfectly  transparent  glass.  Tliia 
wJiito  glass,  when  ke[it  at  ordinary  teuiporature  for  several  niontha, 
nice  turbid  and  Buhstinuently  white  and  opaino.  In  this  case  there  is 
^^hly  a  transition  from  tbe  aiuorpboug  to  the  crystalline  state ;  but  it  ia 
remarkable  thiit  (according  to  Guiboort)  the  epecilie  gravity  diuiiniflhes 
from  3'(  H.)  to  O^tiJli.  and  tbat  the  opaijue  acid  diRsolvos  rather  more  abund- 
:»ntly  both  in  hot  and  in  cold  walcr  than  the  transparent,  whereas  iq 
other  eascfc-  the  ihango  front  tlic  ainorplions  to  the  Cr^ijtiillinc  state  is 
Mcotoipanied  by  increased  density  and  dinnnUhed  solubility.  When  the 
transparent  iicid  U  dissolved  in  boiling  dilute  bydroelilorie  acid  and  the 
Solution  left  to  Coed  slowly,  every  crystal  a*  it  separates  emitfi  a  vivid 
light.  Tho  opaijiie  acid,  when  Gimilarly  treatedj  exhibits  no  phdspho- 
Tescence,  unless  it  contains  some  of  the  tmiisparent  acid  mixed  with  it. 
It  appears  then  that  the  transition  from  tho  aniorphons  to  the  crystalline 
stale,  which  titkes  place  when  tho  ai^id  crystalliaea  from  its  solution  in 
hvdroehloric  aiid,  is  accompanied  li»y  an  emission  of  liirht.  (H,  Hose, 
J'iu;g.  35,  4S!.)  This  pbcnO'Dienon  seems  also  to  ehow  that  even  in  a 
state  of  solatien  the  atonie  of  a  solid  may  be  ttrraeged,  eometinies  in  the 
Bmorplious,  Bomctimea  in  the  crystalline  order  ;  in  tbe  present  instance, 
Jtince  the  eolation  of  tlie  trans|)aroTit  acid  emits  light  ou  crydlnlliziu^  and. 
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that  of  the  opac[uo  acid  dooa  aot,  tbe  former  muBt  coataia  the  acid  m  tde 
iuuorpbuus  state. 

Greeo  glH--4Sr  ^^pt  several  Loure  or  for  days  ftt  n  red  heat,  jtwt 
atronij'  eoougli  to  soften  it,  aiiqiiiree  a  fibrous  texture,  ibe  change  pro- 
ceeding gradmdlv'  from  tho  surface  towiirdu  the  interior,  and  ia  Hnallj 
converted  into  ttie  eubaUace  called  Rsttuinur'a  porfelain,  whicli  is  wliile, 
slightly  transparent,  moeltly  of  filirouJi  fracture,  specifically  heavier,  Ites 
fuBihle^  and  oiuch  harder  than  the  glaea  out  of  which  it  has  b^eu  formei]. 
Thia  olian^,  whicli  takee  place  without  loss  of  weight,  may  be  attributed 
to  a  crystalline  arrangement  of  the  atomB  brought  about  oy  keeping  the 
glaas  for  a  lonji;  time  in  a  soft  ^ate.    {  Tu/.  giUciam.) 

Basalt,  wbiph  ]>i  an  aggregate  of  cryetslline  granuWe,  is  conreried  hy 
fusioH  into  a.  black  g)a^;  and  this  wh«u  kept  Fur  a  lobg  tlldA  at  K  red  heftt 
bevomea  once  mure  t^ne-grained  and  opaqne. 

A  mixture  of  cliiy,  lime,  and  magnetic  ItOO  ore,  ji«lded  when  ifl- 
tcnaoly  heated  a  black  fiUg;  thia,  after  it  liadfi.(]lidLfic!il  and  nearly  CAoledi, 
HudJcnly  became  red  hot,  Obd  fell  to  pieces  in  the  atate  of  a  fine  grey 
powder.    (Fuchs ) 

Sagat  whioh  haa  been  melted,  a£  in  liar^oy-su^r  and  bonbons,  ia  in 
a  vitrcons  oondition,  but  after  some  time  bccomea  white  and  opaqno.  If 
uicUod  sugar  i» allowed  to  Ouot  to  about  3^"  C.  ot  100  r&h.,&nd  then,  whil« 
il  i»  yet  soft  and  viscid,  rapidly  and  frequently  extended  and  doubled  up, 
till  At  la^l  it  consi^  of  threads,  its  temperature  rises  in  two  minutes  front 
lOi*"  to  176°  Fah.,  and  it  then  conBists  of  minute  crystalline  grains  of  & 
ptarly  lufttre.    ^Graham,,  Eiemeats  of  ChfTiiislrif,  page  43.) 

Vcduviao  and  calcareous  garnet  (gruHaulariai  have  the  name  oomp(>> 
Rition:  for  example,  the  Veauvian,  and  garnet  from  the  Wilnitluss  hava 
the  iiume  formula,  SCaO,  Al'  O^,  3Si  0^  excepting'-  that  in  both  minflral« 
part  of  the  alumina  la  replaced  hy  peroxide  of  iron  whicli  is  isomorphou* 
with  it.  Vesuvian,  which  crystallises  in  eqnare  prisms,  had  a  spocifio 
gravity  of  garnet,  which  cryatalliEea  iu  rhombic  dodecahe<lruna,  a 
spcciiic  gravity  of  S  CS.  These  dimorphoua  minerals  both  paea  by  ftiatnn 
into  the  amorphouH  state ;,  they  both,  when  subjectod  to  tliL."*  treaitncnl, 
yield  without  Xosa  of  weight  e:ia<.-tly  the  same  product,  viz.  a  gla^  of  Om 
game  green  undour  and  the  same  ik-grce  of  traiiKiiarency  a«  the  cryetolliud 
ininerale — butaofter,  and  having  a  bo,  gr.  of  only  '1Q5;  m  that  in  puMBf 
from  the  eryatiilliue  to  tho  ainoriihoua  state  garnet  euSers  an  expuaisK- 
of  about  one^liftb,  and  ve«uvian  of  a^>uut  one-seventh.  The  gInsH  w  alstf 
easily  soluble  in  bydrochloriu  aeid,  which  is  not  tho  esse  with  eitlinr  of 
the  miDeral».  \Comp.  Magnus,  [Foqq.  20,  477  ;  21^  flO;  22,  38]};  HoM* 
{Poyif.  45,341)';  Varrontrar.p  (foff;/.  45,343.)) 

Axintte  ha*  a  ap.  gr.  uf  3  2^4,  nod  ie  but  very  imperfertly  deoon- 
po«ed  by  acidH;  after  fiuioii,  which  takes  place  without  low  of  weight,  it 
lias  a  fip.  Iff.  of  atid  In  then  easily  disccklved  by  aoidai  Ibis  |iw' 

Milubtlily  it  ue(|uire«  even  at  n  heat  not  FoiiHci^ot  to'  fuse  it>  bat  ooly 
bake  it  together.    (DauiirieUherg,  Pftgg.  £0,  363.) 

Many  other  crystalline  siliceous  minerals  not  aoluble  in  Mrids 
so  by  fufion,  probably  from  the  Kame  cntiBe- 

tho  fnl  lowing  aniorpboUB  Imdiiw,  on  the  contrary,  appear  to 
brought  into  the  rry».tnJline  stttto  when  Nubjf«tc"l  to  a  he^t  uot  Buffiemi^ 
to  melt  them.  In  tinrlergoing  this  change  Ihey  exhibit,  lu  (ir«t  obsmingd 
by  BerseliuH,  a  vivid  inoanilat^er ,  coMniencing  at  the  point  xaovi 
Ntrongly  hfl»tad  and  extending  through  the  ontire  maas;  th«y  arv  aft«r- 
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warda  found  to  posaesfl  greater  specific  gravity,  g-feater  Iianlneaa,  and  lesa 
eti'tubility'.  The  iucandeHcenC'e!  Iiero  observed  is  similar  to  the  pbeno' 
meiin  nbsorved  hy  Gmliam  mtiiI  RfguiLiilt  (pp.  104  and  lOG).  Most  of 
tii&  boiliGH  which  ezbibct  this  phenomenon  uro  originalfy  cryatalline,  but 
when  heateJ  becamo  puruua  and  amorphous  in  conBeqtiencB  of  loKing 
water,  ammoDia,  or  other  volatilo  maltora:  then,  whoa  no  fanher  lofui 
of  weight  tak^B  place,  jf  they  aro  heated  to  a  temperature  a  little  below 
reduess,  tliey  exhibit  the  incnndeecence  juat  apoken  of.  To  this  class 
belong — tbe  hydrates  of  zirrnnia,  titanic  acid,  tantalic  acid,  molybdoua 
oxid«,  oxide  of  cLrumiiini,  peroxide  of  iron,  and  oxide  of  rhodium;  alao 
liydratcd  baait  perarseniate  of  iron,  hydrated  aiitimoiiite  of  cobalt,  hydrated 
autimociiate  of  cobalt,  hydrated  antimoniate  of  copper^  and  euxenite  (whicU 
chiefly  consists  of  hydrated  tantulate  of  yttria.)  If  those  compounda  are 
heated  merely  to  the  point  at  which  they  part  with  all  their  water,  they  arc 
afterwards  nearly  aa  soluble  as  in  their  hydrated  state;  hut  if  by  stronger 
heating  inaandefconco  lias  been  produced,  they  are  a/terwards  fmiiid  to  be 
ruucb  less  soluble,  and  often  alter  in  coloar,  Zirconia,  after  being  heated 
to  ini.'andegcencei  no  longer  eolqlije  iu  ^ny  acid  excepting  boiliug  oil  of 
vitriui;  oiide  of  cbromiuui  a.fter  ignition  is  of  a  p»1er  green  than  bcforO, 
and  aolnble  in  nolbinj^  but  boiling  oil  of  %'itriol ;  ignited  peroxide  of  iron  is 
aft  bard  and  difficultly  floiuble  as  miicaceoae  iron  ore,  which  is  crystallised 
Jieroxide  of  ifou.  Th^  abovemontioopd  sntiaiouites  nud  antiinoniates  are 
In  their  original  state  easily  decompoged  by  hydrochloric  acid,  but  after 
iguition  (hoy  resist  its  action  almost  entirely,  and  are  also  of  a  much  paW 
colour  than  before,  Hydrated  pho^ipbato  of  ma^eaia  and  ainmi;>hia,  after 
lieing  deprived  of  all  its  water  and  smmoniB.  hy  gentle  faeat^  oshlbite  incan- 
descence when  more  Atronj^ly  healed.  Tbe  same  appearance  ia  presented 
by  the  carburet  of  iron  which  remains  in  the  distillatory  apparatus  aftot 
gently  heating  prussian  blue  or  protocyanide  of  iron, 

Gadoliniie  (fijEioate  of  yttria)  whose  conchoidal  fracture  and  obsidian- 
like appoumnoc  testify  sufficiently  to  its  amorphous  etructure.  (although 
acme  pernona  have  fauoiedl  that  they  could  discovar  a  cryatallina  etructurs 
in  it,)  exhibits  vivid  incandescence  when  moderately  boated;  it  austoina 
thereby  no  loss  of  weight,  but  ia  afterwards  founif  to  dissolve  hut  very 
imperfectly  in  hydrochloric  acid  even  after  several  daya"  boiling,  akhougn 
before  ignition  it  \b  very  easily  soluble.  According  to  Kobell  (J.  pr.  Ckem. 
\,  91),  its  specific  gravity  incrcaees  hy  this  change  only  from  4'25  to  4 '31. 
Tb.  Scherer  also  (Fo^g' HI,  4f)3)  observed  in  the gadolini te  of  Ytlerby  but 
»  very  trifling  iiicreane  of  speei^c  gravity,  but  ho  attributes  this  circuni- 
atance  to  tbo  partially  diatingrated  and  impure  condition  of  the  mineral ;  for 
(a)  gadollnite  from  kitteriin,  (b)  orthitP  from  Fille-Fjeld,  and  (c)  aHanite 
from  Jotun-Fjeld  (which  two  minerals  have  nearly  the  same  composition  a* 
^odoUnile)  showed  after  ignition  considerable  increase  of  density;  tbesp.gr. 
of  a  increased  from  4-35  to  4'63,  giving  a  toodensation  of  1000  to  9395; 
that  of  ft  from  3  65  to3-94,thereforecoiidensation  =  f>2Gi:  and  of  c  from 
3'54  to  3'76,  therefore  coadcnsatinn  =  9417.  The  quantity  of  water 
lost  by  a  wob  018  per  cent.,  that  lost  by  6  and  c  waa  greater.  At  the 
same  time  a  lost  by  ignition  its  black  colour  and  opacity,  beooming  bottle- 
green  and  translucent.  Scherer  (endeavours  to  explain  the  increase  of 
density  by  suppo'sing  that  the  sphertcal  atoms  are  at  first  disposed  one 
upon  another  in  aneh  a  manner  that  each  spherule  rests  upon  two  others 
below  it,  and  that  (.he  atoms  after  being  heated  are  so  displaced  that  each 
one  of  (bem  rests  upon  three  below  it;  this  would  give  a  condeneatton  of 
from  1000  to  D432. 
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Perliaps  also  the  fivet  of  gypaum  <3eliydratoil  hy  gentle  licnt  bccomilig 
hard  whva  mixed  with  water,  aud  (he  non-production  of  tills  elTect  if  tbo 
gy]>8iiiu  has  been  strougly  burnt,  may  l>c  expiuined  hy  eijppo^iug  that  Lbia 
Bubstancw  wlien  depFivcd  of  its  water  by  a  inodoratc  Loat  ib  in  the  lunvr- 
phouB,  but  Hftvr  strong  iguition  iti  tlis  crystalline  etato. 

6.  Diferencti  in  th-e  properiiei  of  compounda,  probably  ariting  from  titt 
diftrent  grouping  Gf  the  Sini|de  Atome  -which  make  up  a  compound 

afojn. 

In  oonsldering  tlifl  dtfTurent  properties  of  cnmpound  bodies  resultiag 
from  dioinrpLUm  aud  aiii'urpbUni,  Hie  Atructuro  of  tb«  compuuud  titoing 
baa  b«eD  supposed  to  cnntiiiue  tiiialtered,  and  tlie  Occurrence  of  tlii*  or 
tliEit  c^ryatallino  form,  or  uf  tie  iiniorpliuiia  state,  to  depetid  solely  on  t)i« 
uinntiot'  iti  which  these  compound  atoms  are  arrnngi^d  aiQoUj^st  tbeinsclvca, 
Hcn^e  it  follows  that  these  dimnrplioua  and  amorphous  condition^  may 
occur  in  simple  bodies  altu>,  since  simple  atome  as  well  as  conipound  onAi 
may  be  dispoHud  amongst  tbcmsclvea  in  varioug  wars, — moreover  that 
these  several  conditions  (with  perhaps  some  esccptioiis  requiring  furttia 
investigation)  may  ho  destroyed  by  fLsiou,  evaporation],  or  solution  uf 
BnVid  body  In  wliicli  tlicy  cxifit;  aad  it  will  then  de]>cnd  upon  circuRi->. 
stances  in  irhat  piirticiilar  Btate  the  body  will  resume  its  solid  form.—* 
Bat  it  is  otherwise  with  tbo  dlllerencea  nun'  tu  be  considered,  the  cause  ol 
which  wo  gIihII  a^sumo  to  be  that  the  manner  or  number  in  which  sirnpttt 
atoiiia  combine  to  form  a  eoinpound  atom  luay  differ  in  different  sub* 
staucea.  Iti&ejujy  to  see  thiU  tbo  various  conditional  liercl'V  pniduce«{ 
can  occur  only  in  compound  budicn,  and  may  reniuin  unaltered  by  tha 
jiB«4H^  of  R.  body  from  tho  solid  to  tde  fluid  etiite  or  vi<c  versa;  for  tha 
compound  atoma  onco  construeted  in  this  or  that  particular  way  may, 
witiiout  di«ti)rbanco  nf  internal  etrueturc,  form  fluid  ronipgiindij  with  he 
or  with  pond^ntblo  solvents.  With  this  differeuco  of  groiipinj^  of  Eimplc 
atoms  in  the  formatioQ  of  eompoutid  atotns  aro  connected  ninny  ^trikin 
di^'ercnces  not  only  in  the  pbyaical  properties  hut  also  in  the  chemJ 
relations  of  the  bodies  concerned. 

a.  Jsoinn'Lsm. 

When  two  or  more  compounds  wliicb  exhibit  different  physical  xnd 
chemical  relationa^  are  so  eonetituted  that  their  compound  atouini  uiti^t 
ccmtaia  the  same  Gleinenls  combined  according  to  the  same  numbers  of 
Bimple  atifRis,  and  tliere  is  no  ground  for  supposing:  that  their  proxiniata; 
eletaentd  are  of  didorent  natures,  these  compounds  aro  s!iid  to  be  isonieria' 
(unng  the  word  in  it-i  narrowest  sense).  Jt  is  su]'poHeil  llmt  tlio  )»impl* 
atoms  which  form  a  conipouud  atom  are  put  together  in  diir<.'r>_'itt  wava. 

Many  of  llic  conipounds  formerly  clii«*ied  under  this  bead  an- now 
rt^rdeduA  pwtymi'ric;  it  ia  only  with  regard  to  phosphoric  aeid,  lellu- 
niM  acid  and  telluric  aeid,  peroxide  of  tin,  and  tartaric  neid,  that  isomeric 
conditions  are  at  proeent  r^Tognizi^d;  and  even  theeu  bodies  may  with 
mori"  or  teiw  j^mbiibilHy  I'C  reganled  as  polymeric. 

Phosplioric  w«id,  P  0',  exiiibits  the  throe  isomeric  slates  of  ordi- 
nui'Vi  pvro— nnd  met't-phogpboric  acid,  j^inong  the  mtiu v  divoratlim 
«xbibitt'd  by  tlit^eu  three  acids,  the  iiio^t  rcmarkablo  is  llnit  tliev  ratu-* 
ratv  diAer«ul  t^uanlilii-s  of  n  ^alifiAbte  b]i«e.  P  0'  in  the  state  of  otdi< 
taay  pbMphonc  aoid  mturalea  3  atoms  of  a  base,  in  the  xtMlv  uf  pyroiihov' 
phorio  ia  nituatos  S  atoms,  and  in  the  «tnto  of  metaphosjdnuric  acid  only 
1  atom.    If  I  atwm  of  P  O*,  in  whichom  of  the  three  btuto*  it  va»f 
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happeu  to  be,  ia  Ignited  witb  three  atoms  of  any  biwa,  soda  for  instSDCe, 
an  onliniify  [ihosphato  ia  produced;  Imt  when  P  0"*  is  ignited  witli  2  atoma 
of  6odft,  the  result  la  a  pyrnplioapbate,.  and  witb  I  atom  a  nictapboa- 
])liate.  By  long  ^li^estton  or  boiliug;  iritb  a  bLtgC  <|iiant"ity  of  water, 
ivliitb  itstlf  acta  S£  a  base,  tliu  pyfopbo'iibaLea  and  uietiLphoapbutt.'^  are 
oonverted  into  (irdinary  phoapliates.  The  pfirticnlar  quantity  of  baae  witb 
■wbi^h  P  0^  is  in  contact,  eeenia  then  ut  certain  high  temperatures  to  affect 
the  manner  ia  which  I  atom  of  ((Imspburus  arranpea  itself  witb  respect 
to  5  atomfi  of  oxygen,  eo  that  tbe  compound  is  capable  of  anturating 
sometimes  3  atoms  of  a  baee,  sometime;;  2,  and  eometimea  only  one.  IF 
wc  would  exphiin  those  roinarkaWe  reltitiona  of  pboepburic  acid  first  dis- 
coverfd  by  Graham  on  tbe  hypotlieaia  of  Polymerisni,  we  might  conaider 
ordinary  phosphoric  acid  as  P  0  ',  pyrophospboric  acid  as  0^",  and 
nielapbosp boric  acid  as  F*  0'%"  then  P  O*  would  saturate  three,  P'  O''" 
four,  and     0"^  three  atoms  of  a  baae.    {Vid.  Phospborua.J 

Id  the  case  of  tclliirous  acid,  Te  0^  a  iiiore  aotuble  luodifieatiuu  A 
and  a  lees  soluble  modilicittion  H  nre  to  be  di^tinguiifbed:  the  latter  is 
produced  by  the  action  ef  nitric  acid  upon  A,  and  is  again  converted  into 
A  by  fnnion  with  caustic  potash.  Telluric  acid,  Te  0',  ejchibits  two  modi- 
ficatLonH  perfectly  similar  to  the  above;  tba  more  soluble  of  the  two  ia 
CQHverle^l  into  the  Iws  sulablei  when  two  or  nnore  atoma  of  it  are  fusgd  with 
one  atom  of  [xitashj  tbis  is  Atialogous  to  the  t  ran  s  Torn  tat  ious  of  pbosphoria 
acid  above  noticcfl.  ]f  these  conipounda  are  i'cg;ariled  as  polymeric,  they 
must  he  supposed  to  csitt  as  To  0'',  Te'  0',  Te  0'  and  Te*  0".   (  fid, 

EeUurlum.J 
Antimiinious  and  anttimouic  acid  may  possibly  pass  from  one  euch 
odificntion  to  the  other  when  their  aalta  are  ignited. 
Peroxide  of  tin,  wben  precipitnted  by  caustic  alkalis  from  a  atvfution 
■  the  hicbbiride,  \n  much  more  easily  Molnhle  in  aeids  tban  ttieanomatoua 
variety  of  it  i>roduced  by  tbe  action  of  nitric  acid  upon  metallic  tin;  tbe 
latter  when  di8,solred  exhibits  also  very  different  relations.    Possibly  the 
^^Bobible  oxide  may  ho  Sn  0°  and  the  anomalous  variety  Sn"  0'. 

Among  organic  compounds  tbe  following  may  be  regarded  as  iaome- 
^^ric:  Tartaric  and  mecnitc  acid  (C^      0*); — mncic  aud  pammucic  acid 
(C  H'  0');— nmleic  and  paramaleic  acid       H  O'j.  ' 

Two  or  more  compounds  possessing  different  physical  and  cLentical 
roperliee,  and  composed  of  the  autne  cJcmcnta  in  the  aamc  proportions 
are  said  to  be  po]_yiiici'ic,  when  tbeir  ililferences  may  be  explained  by 
fiupposiug  that  thetr  compound  atoms  contain  different  nnmbers  of  simple 
oms,  varying  however  in  encJi  a  manner  Ibnt  the  numerical  ralio  of  the 
venil  Itinda  of  t^implc  atoms  rcniaina  unaltered.    If  for  eiitample  one  of 
MOiip  of  polymerit!  c(>ni]iiiundN  ronlains  1  atom  of  a  tuhutance  A  aud 
aionifl  of  a  auhtstaDce     tbeii  the  eeeond  may  contain  2  iitouis     A  and 
atoms  of  fi,  tho  tbird  3  atoms  of  A  and  i)  atcniB  of  U  and  fo  on.  In 
inch  caeefl  the  weight  of  the  compound  atom  varies,  but  tbe  proportions 
IwtM-eeD  its  elements  remains  the  same. 

Besides  tbe  instances  mentioned  under  Isbmerisni,  which  ought  all 
perhaps  to  be  include<l  under  thij»  head,  the  fulhiwing  nnioug  organic 
combinations  must  be  particularly  noticed. 

Polymeric  componnds  ail  containing  1  pnrt  of  tiydrogCn  united  wllli 
parts  of  carbon,  and  therefore  containing  C  H:  OlcIiaTit  gas,  Ibe  more 
latile  oil  o^f  oil-gas,  rock-oil,  eupion,  oil  diatUled  froin  \jtts--«u'x.,  cawa."!.- 
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cboocine,  hereene,  oil  6f  yr'me,  atCELroplm  of  oil  of  toaoe,  paraffin,  octin^ 
Stc.    Olcfiant  gan  is  probal.Ij  C  H\  cctinc  C*"  H**. 

B^nzin,  oilgaa-cauiphorj  and  scheereHte  are  H. 

The  oils  of  turpentine,  juniper,  copaiba,  leto&ns,  au*l  Itlack  pepper  are 
C»H'. 

Naphtlialine  ami  pamtiaplilhalliie  are  C 
Idruilitie  and  Vogel's  ainber-ciLinplior  arc  C*  H. 
Mctliylio  other  ia     W  0;  alwliol  C  0'. 
CyaiJogen  ia  C"  N,  iMH-acjaooget:  pr<il)al>ly  C*  N*. 
Cjaniic  aeid  is  C*  rJ  O,  fuluiinic  acid,  probalily  C  N'  0',  cyannrio 
fteld  6  N»  O*. 

Volatile  chloride  of  cyanogen  is  C  N  01,  tlie  BiccI  chloride  proliatily 
C  N»  CI* 

y.  MetavitrtFnt. 

This  term  is  applied  Ly  Berzelius  to  the  case  in  which  the  oompoQod 
atnina  of  two  cheiuical  coin|)t>uii(Es  contaiDin^' the  same  elemeotajy  atoms, 
anU  for  tho  most  part  in  the  tinme  pmportionn,  are  nevertheless  made  up 
rif  diflereut  proximate  eWmenls.  Acoordiog  to  this  defiottion  tmetamerid 
iMidieB  niu^  always  be-long  to  the  hiirbcr  (ird^rs  of  compounds.  In  »i)nie 
cufi^B  one  vuly  of  tlie  lodtee  concerned  is  a  coinponiid  of  a  higher  order- 
It  18  only  nmoug  organic  bodies  that  inetanieric  compounda  occTir.  Th* 
foUoning  are  the  most  important : — 

C  H   0  .  C  H  O 

Acetic  acid  -,.   4    3    3        Formic  aeid  -  ,  2  18 

Water    I    1       Methylic  ether   2    8  1 

Qlocial  aMtio  a«id  ....  4    4    4       Furrniate  of  tndthylifl  ether  4    4  4 

Fnnntc  acid   3    13       Aaetic  acid    4    3  3 

Btker    i    ^    1       Melbylie  ether   2    3  1 

Furmio  other    6    €    4       Acetate  uf  methylio  ether    6    8  4 

Formia  ether  and  acetate  cf  methylic  ether  have  the  same  specific 
gravity  when  ia  the  form  vapour,  and  nearly  the  same  epecific  gnvity 
and  boiliuL,'  poiut  when  in  the  Liquid  state ;  but  in  i.rther  respects  they  ar» 
totrvlly  different;  the  former,  when  treated  with  (!atist(c  potash,  ie  rwoh-ed 
into  fonntat«  of  potash  and  alcvhol,  the  latter  into  acetate  of  ptito^h  and 
wodi-epirit. 

The  dirtVifenccs  bctweeTi  the  several  Conipoaiids  jiroduced  by  th9 
action  of  euljihciH*  acid  npmi  atroUnl,  viz.  eulphovinic  acid,  otliinnfc  acid, 
uethionio  acid,  6tc.  are  probably  dependent  on  luc'taiiierlc  conditiuns. 

[FoT  sirnie  examples  adduced  by  Laurent,  vid.  Ann,  0iinL.  Pkj/M., 

oc,  17.;.] 

AMriiyde  is  C  H'  0*,  and  its  vapour  weighs  1'5317;  acetic  ether, 
whioL  i>  CutiipoBcd  of  acetic  acid  (C'  H'  0')  and  ether  (C*  IV  0')  ifl 
C*  [('  0*;  and  both  its  atomic  wei|||;ht  and  tfae  fipec.  grav.  of  itd  vapour  an 
twice  aa  great  as  those  of  aldcliydo. 

When  cyanic  acid  ts  mined  in  the  cold  with  aqneom  solution  of  am* 
mnnis,  cyanate  uf  ammonia  in  produced^  a^t  proved  by  thn  fact  that  tli* 
liuuid  yields  cyanic  acid  when  troatt^d  with  niilphuric  arid,  and  amnuinta 
wlien  lrcnt«'d  with  pota«h.  But  warniing,  or  even  RjHiiititncoiie  evapon- 
lion,  is  suRicii-nt  to  convert  the  ealt  into  urea,  which  doc<H  not  cxlilbit 
ibwtf  ravtioiM  with  ^ulphario  Ewid  and  pota&h.    Urea  U  D  N'  H'  0*;  the 
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Bailee  atoms  woald  give  1  atom  of  cyanate  of  ammonia  and  1  atom  of 
water,  viz.,  N  H"^,  C  N  0,  H  O.  Cyanate  of  aninionia  ia,  therefore,  con- 
verted ioto  urea  merely  hy  a  obaa^  iu  the  arrangemoot  of  ita  atoms. 


IV.  Decompobitiqn  op  Chemical  Compouitdb. 


Etery  chemlcfLl  cotupaUad  may,  as  fur  its  we  know,  be  resolveil  Into 
its  clement^,  N^vertheleea  it  U  possible  that  many  aub^tances  bitberto 
inKlecoiapoaed  may  be  compounds  of  ao  intimate  g,  oatare  tbiit  they  bave 
resisted  &ll  attompte  wKicib  bavQ  as  yst  been  made  to  decvmpose  tbem. 
The  tesolutmu  of  a  cbemScA.!  oompouDd  Into  its  elements  is  called  Decom^ 
pOMtion;  tbe  compound  in  bmA  to  be  dee^mpoted;  it  is  resolved  into  hete- 
rogeneous eutfttancee,  wbicb  might  be  fiallej  Detompotitimi'mhslanfxs, 
(Zersetzungs-etolFe.)  These  are  either  Eductt  or /"ro^ucfa  of  detomposi- 
tion.  Thoy  are  called  educts  wh«n  they  ciist  in  the  compound  before 
decomposition,  and  form  part  of  it;  products,  when  they  are  gcnemted 
during^  decompoaition.  Carbonic  acid  which  is  diaengaged  by  the  actioTJ 
of  hydrochloric  acid  upun  carbonate  of  lime,  la  an  educt ;  hut  tlic  same 
acid,  when  evolved  by  heating  charconl  with  r£?d  oxide  of  mercuiyt  ia  a 
producL  Products  are  always  compound  bodies ;  educts  maybe  either 
Bimple  or  compound, — the  latter,  when  the  decompoeinp  body  (c.  car- 
bonate of  lime)  contains  proximate  as  well  as  ultimate  elements.  Accord- 
ing to  the  mode  of  decnmpoeition,  eoinetimea  only  educta  are  obtained 

I (water  decomposed  by  the  electric  current),  sometimes  only  products 
■water  decomposed  by  phnsphuret  of  calcium),  sometimes  both  together 
(water  decomposed  by  potassium). 
1.  Condittont  of  CheTaical  Decomposition. 
'  Id  otder  that  a  compound  may  be  decompofied,  the  forces  which  bind 
it*  element*  together  nniet  be  overcomo  by  stronger  forces.  The  greater 
nomber  of  decompositions  are  brought  about  by  the  action  of  atronger 
aflinitie«;  other  natural  forces  mayj  however,  concur  in  producing  the  effect. 

A.  No  chemical  combiuHtion  of  ponderable  bodies  can  he  overcome 
ly  preuun:  Itut  compouiida  of  ponderables  with  imponderablea,  as  heat, 

ay  be  decomposed  by  that  kind  of  force.    Water  may  be  pressed  out  of 
sponge,  a  proof  that  prB.?sure  can  overcome  combination  produced  by 
"nesion:  but  the  strongest  pressure  fails  to  separate  water  from  jrypsum 
■nd  other  aalts  conlaiiiing  water  of  cryatallization^  provided  the  tempera- 
ture does  not  rise  to  the  molting  point  of  tbe  aalt.    It  has,  indeed,  been 
rmed  that  lead  umal;,'am,  and  some  other  amalgams,  give  np  a  portion 
iOf  their  combined  mercury  when  subjected  to  pressure;  bnl  the  mercury 
.'thus  pressed  oat  i»  only  that  which  in  in  excees,  and  remains  in  the  liquid 
state  adhering  to  tbe  particles  of  the  solid  compound.     On  the  other 
hand,  vapoar  of  water  is  resolved  by  pressure  into  litjuid  water  and  heat: 
perhaps  also  the  ilevelopment  of  heat,  light,  and  electricity  by  pressing 
,d  rabbiag  variouB  substances  is  an  effect  of  n  similar  nature. 

B.  GravUcUion.— When  a  light  and  a  heavy  auliHtance  are  contained 
in  a  Buid  compoiind,  it  might  he  supposed  that  after  long  stauding  tbe 
'former  would  settle  at  the  top  and  tbe  latter  towards  the  bottom,  so  that 
BvOD  if  complete  separation  did  not  take  place,  the  upper  part  of  the  6u)d 
Would  be  richer  lU  the  lighter  material,  and  the  lower  in  the  heavier:  no 
inch  oB'ect  however  is  actually  observed, 

It  is  said  that  in  the  veaaels  used  to  hold  the  concentrated  linuid  oC 
salt-worlfflj  the  upper  portions  are  found  to  bo  Veaa  t\cV  to  boX*!.  V^j-'axw 
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the  lower.  Since,  Itowever,  these  vesselB  are  not  always  filled  wilh  oij6 
and  the  aame  liquid,  but  ate  ctmrged  from  time  tn  timi?  with  dolullouH  of 
rarious  degreefl  of  strengtli,  the  lesji  concentrated  portions  dispose  tLcm- 
Bfllves  above  tte  more  concentrated,  and  tlio  liquor  being  left  nt  rest,  uni- 
form mixture  doea  not  take  place  for  a  lonjj  time.  Similarly,  brandy 
kept  in  coaks,  in  eaid  to  contiiiii  a  greuturpropiirtion  uf  spirit  in  tlic  upper, 
B.nd  of  water  in  (Ijc;  lower  part.  Here,  n.^iu,  the  question  may  be  raised 
whether  the  cask  has  not  been  iiUed  with  aucceetjive  portions  of  braudy  of 
different  ibttongtha,  whSeh  have  di^putied  tlienisclrcs  in  layere  one  ab{iv« 
the  otiier.  Lebla-nc  {J.  Fhi/g.,  33,  376)  found  that  if  in  a  saturated  eolu- 
tion  of  any  ealt  crystals  of  tbe  mnie  ealt  are  plaeeil,  smm  in  the  upiwr 
part  of  the  liquid  and  others  at  the  bottom,  the  fo'mier  g^iuduitUy  dissolve 
while  the  littter  increase  in  the  «anie  ratio,  and  ultimately  the  crystals 
at  the  buttom  of  the  liquid  dpereAae  at  lh«ir  upper  and  incrcajie  a-t  their 
lower  part.  This  efl'ect  is  nltfibiitod  by  Berthi>11f^t  (Slat.  Chim,  1.  49,) 
to  a  linking  nf  tbo  particles  nf  the  salt  hy  their  own  weight;  it  may, 
however,  without  difficulty,  be  osplained  by  oIi»crving  that  the  tipper 
Bltata  of  air  snrroumling  llie  vesstl  are  warmer  than  the  lower,  and,  con- 
eequGiitlyj  that  the  nppcr  portions  of  the  liquid  become  waniior  than  lh«j 
lower,  and  Jiasolrc  the  oalt  immersed  in  tlieiu:  lionce  these  portions  of 
the  liquid  become  heavier,  and  etUik  to  the  hottoin,  where  they  beeom* 
coukr,  and  deposit  part  of  their  s>aU  in  crygtnls.  Lastly,  it  is  very  difH- 
eult  to  obtniti  tlitit-ghufB  of  perfectly  uniform  constitution;  the  lower  part 
is  generally  much  richer  than  the  upiwr  in  oxide  crf  lead,  Bui  thi^,  ag-sin, 
does  not  provo  the  sinking  of  the  heavier  material  out  of  a  perfectly 
homogeneous  niis.ti)re.  Fur  when  a  mixture  of  oxide  of  lead,  nikair,  and 
fiiliea  ia  heated,  the  nitidc  of  lead  melts  first,  nnd  Eiiiks  before  it  hff^  en- 
tered into  uniform  combination  with  tbe  other  ingredienta.  These  latter 
Hubsoquonlly  melt :  btit  ifiuce  liquids  of  different  epecific  gravities  mix  but 
slowly  when  ai  rest,  and  in  this  caee,  morettver,  the  great  viijvosity  of  tlia 
incited  moss  presents  a  further  obstacle  to  the  mixture,  imlformjly  fan 
dniy  he  produced  by  repealed  and  etireful  stirring.  Out  when  this  end 
lias  once  been  attained,  it  is  probable  that  tilie  glass  will  coutiuue  Uniform,, 
even  when  kept  fur  a  long  tonio  in  a  state  of  fusion.  That  such  ii  tlM 
Ca«o  appears  from  Farnday'a  directions  for  the  prei)Hrat'tun  of  Qiut-glua 
as  also  from  the  flCiLlomeiit  of  Frauonliofor,  that  he  obtained  u  mnxs  c 
flint-gla'w  woighiiiii!  'lOU  of  pcrft^itly  unlfi>nu  iMiuatltultOL  thruUghout. 
Now,  when  we  eonsider  the  lonj;  time  which  such  a  iMa*s  would  orrtj|iy 
in  ocKilin^,.  eueh  a  result  could  scarcely  he  credited  if  it  were  admitted 
that  oxide  of  Icail  could  aink  to  the  bottom  of  a  ma^  once  obtained  in  a 
aUitQ  of  uuiformily. 

C.  Cohesion  appear*  to  exert  a  much  more  decided  influence  on  iho 
JooompOfiition  of  eheniical  couipoundB.  at  leaat  of  the  \vt^  intimate  kind. 

Tbe  hitherto  received  theory  on  this  matter  i»  a«  follows.  Wheu  s 
■olid  body  dissolvee  io  a  liquid,  the  cobe^ion  of  tbo  eolid  acts  in  0|)>p08i- 
tton  to  the  ditifiolviug  power  of  the  Ihiid ;  the  two  forces  tend  to  equilihrato 
QEtch  other ;  and  in  proportion  ax  the  Huid  takes  up  more  und  more  of  ihs 
indrd,  itH  tendency  lo  dissolve  a  further  i|n(i»tily— or,  in  other  words,  it* 
nffiuily  fur  tht>  Notid— dinilniaheB  and  ultimately  becomes  no  greater  tlion 
the  cuhc-iiuii  of  the  solid  or  the  lendeney  of  ita  partioleo  to  r<<main  united 
anionf>«t  ihemimlvcn, — and  then  tbe  proeosw  of  ^^dution  stop*.  But  thfl 
cohesion  of  a  nolid  hudy  i«  generally  dinunit^hed  by  e1<;vatEon  of  trm|>eni' 
Inrc  ;  consequently,  when  the  fluid  ia  henled  up  to  a  ci'rtain  [Kiiiit,  a  fur- 
ther HoIutioD  DHiinlly  take«  place,  till  by  this  acw  addition  of  tliu  Buli4, 
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Iiotly  tlie  ftflSnity  of  tlie  fluid  for  it  is  w>  for  diminrshed  tliat  etjiiililfriwin 
la'tween  tiiut  force  and  tlie  cnheaion  of  tlie  solid  is  again  establiEbi-<3.  If 
now  a  jsolution  thus  sa-Lurated  wiiile  warm  he  cfioled  down  to  its  former 
toiiiperature,  tlio  aoIiJ  body  regains  its  origlniLl  coliesive  pnwor,  and  a 
fiortiuD  of  it  separated  from  tbc  fluid  in  order  t»  iiiiite  in  larger  and 
usually  crystulHnfl  masses,  tlie  ({iiantity  remaining  in  aolution  being  only 
j^t  so  much  HA  the  fluid  ivould  directly  Imve  taken  up  at  this  lower  tem- 
perature, Tills  separation  is  called  Spanlaneotis  ot  Fahe  Predpiiation, 
Pr'xcipititio  fpQ-nianm,  in  so  far  as  it  takes  place  withtnit.  the  addition  of 
a  foreign  body  lo  the  solution. 

This  precipitation  by  coolinjj  is  exhibited  by  the  eolutlonB  of  most 
salts  in  water  and  alcohclj  of  many  kinds  of  camphor  and  fat  in  alcohol 
and  etber,  (kc,  Ai^ncoue  eolations  containing  excess  of  water  often  when 
cooled  Mow  0°  C-  deposit  a  portion  of  tho  water  in  the  furm  of  ice,  the 
tenminiug  li<(uiJ  lieing  a  concentrated  solution  of  the  salt ;  for  at  low  tem- 
peratures the  coheeion  of  ice  may  overcome  its  aftiuity  for  the  talt, 
Wbereaa  therefore  a  saturated  solution  when  cooled  depn»i(s  salt,  so  on 
the  otiier  hand  a  dihite  soluiioii,  when  its  teniperatufc  ia  sutSciently 
reduced,  yields  icic.  Lastly,  a  saturated  xolutinti  of  cuinmon  ^alt  solidifies 
at  —  C.  to  a  mixture  of  ice  and  c^uiinion  aalt  containing  water  of  er^s- 
lallisation. — Glacial  (tcetie  add  solidilies  at  +  1 5°  C.  (59**  Fidi.)  ;  a  mis- 
ture  of  this  auhstanee  with  ^  water  deposita  glacial  acetic  a<:id  at  a  lower 
temperature,  the  remaining'  liquid  heing  a  compoatd  of  glacial  acetic  acid 
with  water;  when  the  ijuautity  of  water  is  somewlint  greater  nothing 
solidities;  when  it  is  still  f^reater,  part  of  it  freezes  leaving  a  more  con- 
centrated aeid  behind.  When  tho  mixture  of  glacial  acetic  ncid  with  ^ 
water,  instead  of  being  cooled,  is  aubjected  nt  15^  C.  to  a  pressure  of  1 100 
atmoepherea,  \  of  it  cryatallizea  in  a  few  minntes  in  the  form  of  glacial 
acetic  acid.  (Perkins,  Schiv.  39,  161.}  It  appears  from  this  that  increased 
pressure  Uas  the  same  effect  a&  cold  in  increasing  cohesion. 

The  following  are  exceptions  to  the  law  just  considered.  Some  solid 
bodies,  as  lime  and  citrate  of  lime,  are  more  soluble  in  cold  water  than  in 
hot;  m  that  a  solution  of  either  of  them  saturated  in  the  cold  becomes 
turbid  when  warmed,  nnd  clear  again  on  cooling".  If  to-a  solution  of 
chloride  of  caleium  or  nitrate  of  lime  in  absolute  alcoliol,  there  be  added 
mndi  ether  as  will  throw  down  only  o,  portion  of  either  of  these  salts, 
the  mixture  of  alcohol  and  ether  will  become  turbid,  iCveti  t&  opacity— 
from  precipitation  of  the  limesult  still  remaining  in  solution— ^very  time 
the  licjnid  is  wariiied,  if  only  by  the  band,  but  will  regain  its  transparency 
on  cooling.  (Di.berciner,  Aim.  Fharvi.  14.  249.)  A  solution  of  canatio 
polafh  in  water  di!<«olre3  in  (ho  Cold  n.  large  qoantity  of  tartrate  of  lime; 
tbe  elear  fiolutton  coagulates  to  a  pnftty  mass  when  heated,  but  becomea 
cj^ear  and  fluid  a^ain  on  cooling.  (Lassonne,  Oaann.) — The  solubility  of 
Glnnber'a  salt  in  water  iticrea^iea  rapidly  ■with  rise  of  temperature  up  tu 
3.1°  Fah.)^  but  diminishes  when  the  temperature  is  raised  above 
this  point ;  water  !i[atnrated  with  Glauber's  palt  at  33",  yields  hydrated 
crystals  when  cooled,  and  anh^drouH  crystals  when  further  heated, 

Similar  anonialiea  occur  in  solutions  of  liquids  in  other  liquids. 
Coniin,  agitated  with  water  at  ordinary  temperatures,  takes  up  a  small 
portion  of  it;  ibe  clear  liijuid  becomes  turbid,  from  separation  of  water, 
every  time  it  is  warmed  even  by  the  hand,  and  dear  again  on  cooling. 
(Geiger.) — Aniniin  dissolves  in  20  parts  of  water-  the  solution  beconieB 
turbid  when  heated,  from  separation  of  anitnin,  wbidi  is  redissolved  on 
cofding.  (Unverdorbcn.) — AYIieu  a  Kulution  of  dvloci"l(;      ttAtwiTsv  a 
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mixture  of  vaior  and  acetone  Us  lieateil,  tbo  acot^ino  sepamtcs  foimiog 
film  ua  the  surface. — (Liebig  and  Peloiizc,  Aim.  /"Aam-  If,  287-) 

Tbe  following  olgcrvatiuQe  of  Gay-Lussitc  {A7m,  Chim.  I'Uyt.  70,  4 
also,  J.  Fr.  Chem.  IS,  193)  render  it  donbtftil  whether  coheeion  plaj« 
importi^ut  a  part  in  gpontaueDUs  pr^eipitit-tinns  \vAii  been  liichc^rl'O  sup- 
tHweil,  and  raigi;  :i  giifipii;iou  tbat  this  kiud  of  prgL'ipitation  U  atiVoCtf*!  \>y 
differemoe  of  temperature  in  a  manner  which  not  yv\.  liocn  explained, 
Cetine,  paraAin,  and  alearic  acid  melt  below  ibu  boiling  ]xiint  of  aloohul, 
M>  that  the  (}Tiantitiea  of  Ibein  dissolved  it>  tbut  liquid  at  Icnipcrulurcs  al 
whith  they  are  soliil,  ran  be  comparsd  with  the  nivantities  dlti^ulvtMl  at 
temperatures  at  which  they  are  li(]nid.  From  what  prwcJea  vc  ehuuld 
expect  that  tbciDo  bodies  would  be  ruuch  niofc  Boluhlc  in  the  molted  "late 
than  boluw  their  inellin^  points,  hecatisi^  the  oolistiioa  of  a  aoUd  body  is 
muoh  greater  than  that  of  a  liquid.  But,  aco^rding  to  Gay-Lusaar,  tLn 
Bolttbility  of  these  substances  inerOEisea  regularly  as  llioir  tciupemturo 
riveB,  without  any  sudden  augiuontotion  at  the  molting  miitit.  Gay- 
LQasae  thereforo  cnnsidL^rs  that  their  solubility  is  unatl'eeteu  by  cohenon, 
and  determined  solely  by  tonipcraturo.  Bodies  eshibittbe  sanie  reltttiuoi 
in  diBdolving  ae  in  ovn]Hir:Uing ;  vaitour  nf  water  at  0"  hue  the  BUDS  tMI- 
eion,  whether  it  be  raiaed  from  water  or  from  ice. 

D.  Some  esperimonta  seem  to  jthow  that  the  feebler  uhemical  ooml^ 
□atioDS  may  likewise  lie  QTercoine  by  AiUieeion, 

When  vinegar  ie  filtered  tbroug'li  pure  qimtz-sand,  the  first  portion 
of  liquid  that  ruus  tbrou,k;b  is  rubbed  of  almost  all  Ma  aoid,  and  the  vinegar 
does  Rot  ims  through  unchaDgEid  till  the  sand  hae  beoome  well  chaT;g*d 
with  avid.     Potato-bmudy  diluted  with  water   and  Altered  through 
quartL-eand,  yieSdd  at  first  pure  water,  then  a  mixture  of  water  and 
alcohol  deprived  of  its  fasel^jjl,  and  lastly  the  original  mixtare  unaltered. 
Wood-ahavingB  also  at  first  deprive  vinegitr  of  nearly  all  it«  acid;  ohar- 
Cuiil  acta  §till  more  powerfully,  (Wageamann,  P'tff'j,  H,  GOO.)    The  but 
two  euhatances  may  perhaps  act  by  afliuity.—Somnio ring's  exi)erjin*r" 
(viit.  Alcohol),  iu  which  n  mixture  of  water  and  alcohol  bficlo^ed  iu 
bladder  yielded  on  evaporation  ecarcely  anythiug  but  water,  may  lili 
irU8  be  referred  to  the  same  class  of  phenoineiia,  provided  we  eiippo 
that  tbe  water  is  taken  up  by  the  bladdor,  not  in  coojiaqiionce  of  Amai 
but  of  adhoeSon,  and  thus  ttaaaferred  to  the  outer  aurfacc,  where  it  ex 
lutu  into  the  air. 

E.  A  mode  of  dttconipositron  not  yet  oo^niplelely  uiidcrAt<MMl  \» 
oaUml  Action  6y  CotUact  (at^lion  do  pri'sont*),  or  C-itait/tic  artion,  T 
termE  are  applied  by  Rcrzclius  and  Mitjclierlich  to  liio  case  in  wliidi 
Solid  or  liquid  botly,  when  broiiglit  into  ctjutact  with  a  conipouiul,  cxcit 
3  decfHUptnaitivn  of  that  comix/iind  {Catalysis) — without  itself  uudergoi 
9ny  alteration,  TniH^haiiical  or  cbLiiilcnl, — or  at  all  events,  if  a  cbami 
%I|«rstioii  diMMi  take  yUurc. — without  untiiHiij^  iutn  combiiiatioH  w 
cither  of  the  elenienta  i-f  tbo  cumponnd.    The  Contuct-eubrtauco  or 
lytic  body  Awakcus  by  its  mere  jirewnee,  not  by  it4  alhuily,  tbo  alil 
iug  affinities  of  tbe  elemriit«.  and  caiihen  tb«m  to  aaeunic  a  new  arrmi  _ 
BMnt  inrolviDg  more  complete  viectni-chomit'al  neutralixatiou.  Ucrscli 
ngutb  cfttHlylio  force  m  a  ])cculiar  maoifeBtatioa  of  electro- chuia' 
action. 

The  following  in«t«BcM  may  be  rerorr»d  to  this  mndo  of  action.  1 
pCTOxida  of  hydniiR'n,  H  O',  th«  SMwnd  atum  of  oxygen  ia  retained  by 
■vary  foeblo  ulliiiity  only,  aud  iiscapoH  with  pI«w  rtlervtweuce  even 
ordumry  tenij^ratunw.    Wauy  luetahi  uud  lUclaUic  i>x.id«a,  when  Iroo^ 
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in  tbe  etato  of  powder  in  contfict  with  thia  liquid,  prodnce  a  riolont  dia- 
engngemeat  of  oiygen  gaa  without  tliemselvea  taking  up  oxygen  or  auf- 
ferinp  any  other  ikltcmtioii,  excepting  that  eoiiio  osidea^  as  that  of  ailvcr, 
part  witli  llieir  own  oxygen  at  the  enmo  time.  Tliis,  tiPC&riliTJg  to  Ber- 
telius,  is  a  oelso  of  catalytic  nctiuD.  The  following  explanation  by  Licbig 
is  nnor«  prgbabJe  {Ann.  Fkama,  2,  22).  PiilvenilcHt  niiil  ftogulai'  bodies 
accelerate  tlie  cliscDgSjiijeuieat  wf  a  nbeorbed  by  a  liquid  (*i J,  Hoat); 
(Ley  likewise  exert  thie  action  on  peroxide  of  hydrogen;  tlils rapid  eaeape 
of  gaa  produces  a  riao  of  tetupenLturep  and  this  iigain  acoclerattss  tlio 
disengagememt  of  gaSj' — and  tliuti  tLese  actions  lionliuue  to  auf,'meiit  each 
Athcr  in  iiileunty  till  the  etferveeconce  amounts  ton  alight  explosion. — 
The  followiug  decompositions  are  also  regarded  as  catalytic.  Tlie  riipid 
di>coinp»sition  of  the  aquC'OUR  solution  of  nitrosulphfiti;!  of  ammonia  into 
nitrous  oxide  ga«  and  Brjlphate  of  ammonia  (which  iilto  takes  placo  ^dowly 
by  itself)  by  the  actiou  of  spongy  pUitinuni,  oxiJo  of  silver,  itc- ; — the 
separation  of  persalpharet  of  hydrogen,  &"  H,  into  sulphuretted  hydrogen, 
escapes  us  giu,  aud  snlpliur  which  remains  behind,  by  contact 
with  alkalis,  chloride  of  caJcintn,  fsc.; — the  resolution  of  alcohol  i&to 
ether  and  water  by  iho  action  of  aulphnric  acid ; — that  of  sugar  diaeoWed 
in  water  into  carbonic  acid  and  alcohiiil  by  ferments the  convereton  of 
alciihol  into  Metic  aeid  by  femienljs; — the  cotiversioa  of  starch  into  HUgar 
by  dilute  Bulplmric  acid  or  by  dittfitaae;^ — the  courofsion  of  urea  dis- 
Bulvnl  in  wator  into  cnrhonato  of  ammonia  by  the  actinn  of  animal  mncns; 
— [See  these  Buhttanceg.) — But  the  mode  or  action  in  these  tranefonna- 
tiuus  Bonietimcs  arlniits  of  other  explanations;  and  wlien  tliis  is  not  the 
case,  our  conception  of  it  ia  by  no  meane  sufficiently  clear  to  justify  the 
positive  OBsumptioTi  of  this  ao-ealled  contact-aetion  or  catalytic  forcH, 
which,  after  all,  niGreCy  states  the  fact  without  explaining  it. 

F.  Just  as  a  body  in  the  act  of  combination  may  iudace  another  to 
enter  into  combination  at  the  same  time  (page  3^),  bo  likewise  a  com- 
pound in  the  act  of  decompoeitiou  may  impart  this  deeomposiog  activity 
to  anntWn    How  and  wherefore?  we  are  unaMe  to  explain, 

When  peroxide  of  hydrogen  by  eoutaet  with  oxide  of  silver  give«  up 
its  second  atom  of  oxygen,  it  lilcewiee  induces  the  oxide  of  silver  to  part 
with  it4  osygea.  Vinous  fennentation  may  be  explained  conaiiiteDtly  with 
thiB  view  by  Nuppoeing  that  the  decomposing  ferment  bringa  the  sngar  into  a 
Bt»to  of  decomposition,  and  the  sngar  is  th?Q  resolved  into  carbonic  acid  and 
aJcLihol.  A  Mmilar  expUnation  may  be  applied  to  tho  decomposition  of  nrea 
into  carbonic  acid  and  anijHODia  by  animal  mucus,  of  asparagin  into  as- 
partate of  ammonia  by  yeaat,  atid  of  imygdalin  into  liydrocyanic  acid  and 
other  proijact^i  of  decompoMitioTi  by  the  arCtion  of  yeaat  and  sugar  (Liebig). 

Q.  The  vital  force  of  plaota  and  animaJa  likewise  exerts  a  deoumpo»ing 
action  on  chemieal  compounds. 

The  most  remarkable  instance  of  this  ia  the  actiou  of  light  on  the 
green  parts  of  plants,  cansing  them  to  decompose  carbonic  acid  into  oiygea 
and  carbon,  the  latter  of  which  elemente  combines  with  the  hydrogen  and 
oxygen  of  the  vegetable  juice  producing  numerouB  organic  compounds. 

H.  But  the  most  numerous  and  important  decompositions  of  chemical 
compounds  are  those  which  are  brought  abeut  by  tho  action  of  other 
bodies,  whose  mperior  a^niii/  produces  now  compounds  at  the  same  time 
that  it  destroys  the  eld  onca,  For  the  prodnction  of  these  decorapoBitioiiB 
the  same  cotiditinns  are  required  aa  for  tho  formation  of  chemical  com- 
pounds (page  31!);  viz.  immediate  contact  and  tho  fluid  state,  at  Uasi,  ot 
one  of  the  bodieia  oonoemedj^wheocc  faaiou  or  vik^i'Qma.Viua  fitAi^hWik 
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tcmppruture  ia  often  a  necesaary  prelipiiiiary; — and  a  distinction  niiist  bo 
maue  between  decomposUioii  in  the  wet  way  aad  dnomposUion  m  the  drji 
way. 

Here  also  in  some  pases  tlio  fluid  state  is  not  essential.  Thus  lime 
dccnmposos  sal-aniHioniac  when  the  two  bodies  ar«  ruMwd  tojfet'tier  in  llie 
dry  state  at  ordinary  temperatures;  and  coronutn  ealt  dt'CQinpyBes  anlpbate 
of  mercury  at  a  teiiiporiituro  below  fosion.  Borax;  also  is  decompowd 
wben  mbbed  up  witEi  nitrate  of  lead,  nitrate  of  silver,  sulphate  of  litic  or 
aulpliato  of  cwpptr;  eo  likewise  la  crystalliied  chloride  t>f  btiriam  when 
rubbed  up  witb  uitrato  of  isoda,  a  wet  masa  being  formed  by  tbo  sepikrs- 
tioB  of  the  water  of  crystalliKatimi  of  ibo  borax  or  the  chloride  of  banuiiu 
AgiLiBi  two  solid  substances  icisoluble  in  water  may  decompose  one  another 
when  that  li'jiiid  \»  prGsent,  proviik'd  the  priwliitt  wbich  l^5,=tilta  froiu  the 
deconipositiou  is  solubl6  in  water  j  f.r/.  ptussiau  blue  and  chalk  of  oxido  of 
ntetCMry. 

On  the  otber  hand  wc  often  meet  witli  this  anomaly — tliat  even  when 
one  of  the  bodies  concerned  ia  in  tbc  fluid  stale,  decomposition  doea  not 
take  place  till  a  certain  ijuautity  of  water  Iliis  lieen  addetl.  Thts  pheno- 
menon may  in  many  ca-^ca  bo  ox]i!ained,  according  to  Boi^onnot'u  view, 
by  auppoi-ni^  1  hut  on  the  ^larfiice  of  the  iiiolid  body  there  is  fonned  a 
proitiiot  cf  decomposiiion  insoluble  in  a  concentrated  acid  or  ila  mixtnro 
with  alcohol, — this  prftdut'l  thcripfore  forms  a  film  whicb,  tliougb  very  thia, 
is  impervious  to  the  liijiiid  iind  prcventB  further  'C!c>ntAGt  between  tbt<  acitt 
and  the  G olid  body;  but  when  this  lilni  is  di^sulvod  by  the  addition  of 
wiUer  the  dccompositidn  proceeds  further.  Whether  in  eoue  of  theso 
caw«r  as  supposed  by  Wetxlar,  SchoDbcin,  and  'otherf,  cloctriral  niodifica- 
tioMs  of  metiite  intervene  by  wLiqh  they  Igse  for  n  time  their  djspQsiiion  to 
couibine  witboxvgen, — is  not  yet  eatisfaeturily  detemiinGd. 

Oit  of  vitrioE  mixed  with  a  aix-fuld  oiimitity  of  absolute  alcuhol  will 
not  decompose  any  dry  carbonate,  Absoltitti  alcohol  whith  has  absorbed 
hydrftcbloric  acid  does  not  decompose  carbonate  of  potii^b,  but  act« 
readily  on  other  carbonates.  Whitdt  dilute  nitric  acid  giros  up  its  oxyg«n 
to  most  metals  with  tlie  ;rreateat  violence,  the  highly  coacentmted  acid 
acts  but  VGry  slii^htly  upon  bismuth  and  had  no  action  whoiorer  upon  tin, 
iron,  lead,  or  silver,  thcKe  metnttt  retaining  their  fuJl  inetallic  lustre  wben 
inimcn^ed  in  it.  Iron  i«  brought  by  etrong'  nitric  acid  into  a  paitlm  state 
•0  that  it  exerts  no  decomposing  action  even  upon  dilute  nitric  aotdi  ll 
may  however  bo  brought  buck  to  itfl  ordinary  uctiw  Atate  by  varioni 
moans,  the  iinporviouH  etratiim  on  itti  surface  being  thereby  removed^  or 
peculiar  electric  condition  destroyed.  Iron  may  be  brou^dit  into  the 
■tato  by  immersion  in  a  solution  of  nitrate  of  silver.  Concent 
nitric  acid  does  not  decompose  carbonate  of  lead,  nor  does  it  act  on  earbcK 
nate  of  lime  or  biirj-|a  even  when  brjilinfr.  most  probably  Ijecause  ih*' 
nitrates  of  lead,  baryt.i  and  Itmc  are  insrrluble  in  ciitrie  acid  ;  (.'arbouale  of 
jKitnsh  on  the  contrary  \»  rapidly  decomposed  by  it,  bcenmw  nitrato  of 
]>utash  is  oH^fity  sulublo  in  strong  nitrio  acid.  But  nitric  neid  mixnt 
with  absolute  alcohol  has  no  action  on  cvrbonalo  of  potash,  probably- 
iMrcnaso  nitrate  of  potash  is  insolulile  in  the  aJcoboEic  iiiixtnre;  tbo  car- 
bonatos  of  soda,  liaryta,  and  magnesia  are  slowly  decomposed  by  it,  tli4wt 
of  lima  and  slrontin  immediately,  poseibly  Wcausc  the  nitrates  of  lime  and. 
Rtrontia  are  soluble  in  alcohol.  Oxalic  acid  dis»oIv(?d  in  nbsoluto  nlcobol 
doeB  not  deconi])OHo  carbonate  of  pota«h  or  of  lime,  but  acta  upon  the  ca^. 
bunatea  of  baryta, stroutia^  and  majc;iiesia  (althou^di  tlto  cnuMMinnda  uf  tbwa 
ft  /Ju«e  btUM  with  oxalic  acid  are  iusoluble  in  tbo  ulcuboUo  inixtan). 
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Tlieakotolic  solutioii  of  mciemio  or  tartaric  acid  docs  not  diecompoeo  any  salt 
of  L-arboaic  actct;  thai,  of  citric  acid  does  not  deconiposo  the  carbonat-es  of 
baryta,  struntia,  and  limej  carbonate  of  magnesia  is  slowly  dccompusied  by 
it,  carboDiito  of  potash  more  {^aiukly.  Glacial  acetic  acid  docs  tiot  clecom- 
poe«  carbonate  of  lime  eveo  on  boiliag;  it  acte  hoircrer  on  moat  other 
carbimatcs,  bat  less  quickly  than  when  water  ia  added.  Glacial  acetic 
acid  mixed  with  absolute  alcohol  lias  no  actiou  on  any  cartoDiito  till 
water  ia  added  to  it.  If  botli  subetaacee  are  li<jnidj  no  addition  of  water 
is  necessary;  thus  oxalic  acid  in  a  state  of  effiure^ceDce  dissolved  in 
abeolutfl  akohol  precipitates  nitrate  of  liaio  dit^sulved  in  the  same  liquid. 
Further  derolopmonta  of  tlis  subject  will  be  found  under  tlie  heads  of  tho 
above-named  acids  and  metals,  also  under  Alcohol.  On  the  action  of  acids 
on  metalsj  vid.  Keir  {Ji'c/itv.  53,  154).— Herscbel  (Aiin.  Ch.  Fhifs.  54, 
87;  Poga.  32,  211,  also  Ann.  Ph,u-m.  10,  2 50).— Wetslar  {Schw.  ■ISi,  470; 
50,  88  sod  123;  56,  ^OG).—QMT^\n\s  {Annual  Rejinri,  104). — Sclivreig- 
erer  Seidel  [S<Jaii.  53j  IS?). — Dumas  {^Ann.  de  i'lniliidrie  Fran.  1^123, 
Mai;  abstr.  Sckw.  57,  23). — ScliUiibcin  {Phil  Mag.  J.  &,  .'53;  Pogq.  37, 
300  and  590;  3S,  444  and  4-12;  30,  137,  342  and  351 ;  40,  193;  41,  41 ; 
43,  1),— Fiira«ky  {Phil.  Mug.  J.  9,  57;  iO,  175).^Mous8on  {BUI.  univ. 
j\^.S.  5,  155;  iHao  Pojjff.  3!),  330).— Andrews  {PkiL  Mag.  J.  12,  305;  also 
Pi}<jg.  45,  121)— N&ad  {Phil.  Mat/.  J.  10,  267;  12,  48;  15,  292;  abetr. 
Poi/rf.  15,  2D2). — Oti  the  action  of  a<:!dd  on  earbonates,  vid,  Bertliollet 
(AVWi"yt(e  Chim.  2,  50). — FclouiQ  (Ann.  Chini.  Phi/g.  50,  314,  also  Pogg. 
25,  343,  dso  Ann.  Phwm.  5,  260;— Ann.  Chim,  PhjB.  50,  434;— J^. 
Chim.  mcd.  9,  491). — Lcroy  (■/.  CkUn.  mf.d.  0,  481)). — Bntconnot  (J  wn. 
Vhim,  Phys.  52,  2S6,  r^XsQ  Potjg.  2i>,  173J. — Kuhlmann  {Ann.  Chim.  Pkya, 
67,  20»,  also  Ann.  Pharm.  27,  22,  also     pr.  Chevi.  14,  5m). 

Moreover,  juBt  a£  the  simple  formation  of  eompounda  often  requires  a 
higher  temperature  than  that  which  ia  uoeCFsary  to  briug  tlio  cotithining 
sub^tanees  into  the  fluid  etate,  so  Eikcwi&o  ia  thia  higher  temperature 
necessary  in  mauy  cases  of  combination  attcaded  with  decomposition. — 
A  red  heat  ia  necessary  to  enable  oxygen  gas  to  dccunipose  anmioniaca! 
gas  into  water  and  nitrogen  gas,  and  for  tbu  formation  of  carbonic  oxide 
.and  hydrogen  ga^  by  tbe  action  of  charcoal  on  vapour  of  water. 

In  these  casca  also  light  and  electricity  may  Bom^timee  supply  tbo 
l)]ace  of  elevated  temperaturo  (Vid.  Chemical  effefU  of  Light  and  Etec- 
tricUff). 

We  proceed  to  notice  some  of  tba  more  important  cases  of  chemical 
deconipositioa  brought  about  by  the  superior  affinity  of  superadded 
bodies; 

1.  A  compound  A  B  is  dccompoeed  by  intcr^'ention  of  C  into  the 
compound  A  C  :and  the  liberated  body  B.  (Schemt  1*.}  Simple  Eledive 
A  j^'iiiVy,  A  {[radio  ehrltwi  simpifJt. 

UcconipositiooB  of  tins  kind  in  which  heat  forms  one  of  the  acting 
liodifH  arc  as  follows  t  Let  A  B  bo  water,  i.f.  heat  +  ice,  and  C  frozen 
mercury;  tbeao  give  liquid  mercury  and  ice  (.SWi.  2). — Let  A  B  he  oxide 
iofgc>M,  i.e.  oxygen  +  gold,atid  Clieat  at  a  temperature  of  incandescence; 
■the  result  is  oxygen  gua  (oxvjijen  +  heat)  and  metallic  gold  ^Seh.  3).  In 
:»  similar  manner  carbonate  of  lime  at  a  red  lieat  is  resolved  into  carbonic 
acidgAA  and  lime:  likewise  arse niuret ted  hydrogen  gaa  at  a  red  heat  into 
tydrogen  gas— 'which  in  tho  aeparate  state  is  more  exp.^nded  and  therefore 
probably  combined  with  a  greater  quiinlity  of  heat  than  when  in  union 

*  Date  III.  Tb^  iliittcd  lines  denote  the  coairounda  ilestrojed;  tbs  full  linei  the 
new  ruDijiounils  formed. 
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with  araeiiii) — an»I  metallic  ar^nk'. — ^Let  A  B  be  hydrochloric  acid 
(Eipflrochlorie  aci«l  +  h^^t),  and  C  w^ter;  the  wa,(«  •.■uiuhmea  with  the 
wetd  forraing-aqueoua  solution  of  h/drochloric  acid^  ftti'l  hwtt  ja  d'mu^  ^  _ 
(*cA.  4). 

Casea  iu  which  »II  three  bodies  arc  ponderable;  Snlphar^t  of  eil*tf 
4?EpOBQd  lo  the  air  a.t  a  rod  heat  yields  sniphuroua  acid  anil  metallic  »ilr9; 
(.^cA,  5), — Oxide  of  linc  healed  to  redness  in  oontact  with  charcoal  ' 
Ttwlved  into  carbonic  oxi'do  and  niet,ilLtc  cine  {.Scft.  (J). — Oxide  of  oop^l 
in  A,  similar  manner  into  carbonic  acid  gas  and  copper  (Sc*-  7). — ChJonw 
gM  expebr  oiyg^a  gw  from  red-hot  potash  (K  Q)  and  produces  chlnridfe 
of  potasfium  [S'ch,  8), — ^Hyilrochluric  acid  and  zinc  form  chlori<lo  of  rinfl 
with  disen^gement  of  hydrogpn  gas  {Seh.  &),— Iron  deconiposes  chhtridfl 
of  Hiltcr  in  cnutact  'wilh  water  into  chlorid*  of  iron  and  biIvlt  (.S'cA.  JO). 
Cinnabar  (HgS)  heated  to  rodne^^  in  contiLCt  with  iron  yit^hla  eulphuret  of 
iron  and  mercury  {,Sf:/t.  II). — Carbonic  acid  paa  is  MptUed  by  »n1phurw 
acid  from  carbonate  of  lime,  and  sulphate  of  lime  ia  fonncd  {Sch. 
Af|naou5  solution  of  nitrate  of  ailvcr  mixed  with  caiistir  potneh  jriridt 
omde  of  silver  and  nitrate  of  potaeh  (.S'sA,  13). — Water  added  to  a 
•oLution  of  rosin  in  alcohol  fomiB  dilute  alcohol  and  precipitates  rcsili. 
On  tho  other  band,  Glauber's  ealt  dinHoIved  tm  water  is  almoet  wliollj 

Emcijiilatcil  by  addition  of  alcohol  ;  for  the  mixturo  of  alroliol  with 
irge  i|nanlity  of  water  Ima  scarcely  any  affinity  for  resin,  nnd  that 
wator  with  a  large  quantity  of  alcohol  HSircely  any  aflinity  for  Glaitbe 
■aJt. 

Sometimes  C  takea  from  the  compound  A  B  only  a  part  of  A,  so  Ih 
a  conipuunil  of  B  with  a  smaller  iiimntity  nf  A  ia  separated.    Tltuii  ti 
in  a  state  of  incandesccnco  rob«  carbonic  acLit  of  half  its  oicyges  and  eo 
Vcrta  it  into  carbonic  oxide  f.S'cA.  1  i). — The  resulting  compound  A  C  ma 
then  combine  with  A  B  which  baa  been  deprived  of  half  its  origin 
quantity  of  A.    Thus  ziiie  and  i^olution  of  sulphurous  acid  form  bypo^ut-i 
phite  ("I  line  (Sci.  15). — Or  C  may  rob  the  conipimnd  A  B  of  the  vihula 
of  A  and  part  of  B,  and  eeparale  only  the  remaining  part  of  Th 
milpliuric  acid  heated  with  peroxide  of  mangaucM  form?  sulphate  of  p~ 
oii<lc  <jf  niauj^Dcso  and  driVDs  out  half  the  oxysren  (.Sr/i.  10).  . 

The  dvi-om  posit  ion  of  A  D  by  C  eometimea  tal^cs  place  in  presence 
mother  body  D  whreh  is  at  tirst  combined  with  A  !H  iiml  afterwards  uni 
■wilh  AC,    Water  (AD)  mixed  with  siilpljurie  acid         yields  w' 
Rclcd  Upon  by  zinc,  sulphate  of  line  and  hvdrojren  y«B  (Sch    17)- — Tli# 
taine  kind  of  a<.ttion  takes  place  wheoover  hyilrogiTi  ^iis  is  giveti  offdarii;" 
the  solulion  of  a  metal  in  dilute  oiyjroii  aeids  or  ulkaliiio  ^ulutiune.— T^t 
this  hciwl  lilcewiso  belong  all  precipilationB  of  metals  from  eolulionn  ol 
their  oxides  tli  ox-acids  or  alkiUi^,  by  other  metals  ih  the  Dtetallic  MalA 
^in  Sc/i.  17  a  mcluJ  must  Iw  sub.'^titutGd  for  hydni/en).    Tbtu  fi 
immemed  in  sul|ihnl«  of  copper  produces  jiulpbate  of  tine  and  motal" 
cop]ier  {ScA.  1ft):  siinilatly.  ooppcr  and  nitrate  nf  ailrer  >rive  nttral« 
top|KTand  motAllie  silver  f.sVA.  in). — When  cnrbonote  of  soda  is  hr^~ 
to  radnoM  in  eoutaet  with  phosphonut,  phosphate  of  soda  and  charcoal 
prlM]^c^d  (.SrA.  20). 

SomotimcR  only  part  of  the  compound  A  6  i«  dccompomd,  and  tht 
other  part  cnmhiuc^  with  tht?  ncwly-tormod  compound  A  C,  takiOjg  th_ 

place  of  the  Biibslanco  D.    Potassium  heatod  in  carbonic  aoid  gut  

^'•wcharooal  and  Tonns  pntash,  which  combine  with  the  nndecom 
m  of  the  oarbnnie  wid  (.SVA.  21). — Chtoriiio  pawed  into  ss 
moaim  Ji&eritee  the  uitrufjca  of  tliat  com|K>und  in  the  ^mmu 
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ml  comlilDes  with  tlie  hydrogen  forming  LyilrocUorEo  acid,  which  tben 
nilca  with  tie  remainiti(^  portion  of  amnioma,  fonmng  tal-ammoniao 
6'ch.  22). 

A  similar  action  sometimea  takes  place,  with  this  diffcrpncc,  that  0 
kea  onl^  ]taPt  of  A  from  tlio  dMom^joaing  portion  of  A  Mercnry 
ealwl  with  eulphuric  ae'ui  proilucce  enlpKate  of  merciiry  and  ^ulphurons 
«id  (.SVA.  23). — Copper  treated  with  nitric  acid  jielda  nitrate  nf  cop- 
er and  nitric  oxide  ^tlh  {.Sc/t.  2-1). — Zinc  and  dilute  nitric  acid  yield 
itrate  of  z'lna  and  nitrmjs  oxide  gas  (Sck.  25). 

2,  Tlip  action  of  C  on  tlm  compound  A  B  produces  two  new  Mm-* 
zmvh,  AC  and  BC  {.S'cS,  2ti).  When  oxide  of  mercury  la  heated  lo 
idnoes,  vapour  of  mercury  (rutircury  +  heat)  and  oxygeii-gaa  (oxygen 
+  heat)  are  produced.  Sulphuret  of  earhon  hurnt  in  oxygon  gas  pro- 
duces  sulphwrona  aold  and  cnrhunlc  acid  (.SrA.  27). — Suii)huret  of  anti- 
i—oay  heated  in  contact  willi  nir  yields  aulphurous  acid       and  antinio- 

ions  acid  (•SVA,  2S), — A  similar  actii>n  litken  placo  with  other  nietallio 
Iphurets,— ^Chlorine  gas  converts  ^ulphurct  of  antimony  into  chloride  of 
lilphur  and  ohlDride  of  stntlmony  (."ii'r'A,  2!S),  nnJ  produces  eimdar  elTecls 
n  other  metallic  fiulphurGii^. — Hometimt^s  th&  two  new  comjiounds  A  O 
d  BC  combiue  together.    Tliuss  eulphuret  of  copper  when  Le::tted  in 
e  air  19  cnnvprtcii  into  sulpkato  of  oxido  of  copper  (ScA.  30), 
The  sn.me  decompcaitlou  ofton  takes  place  in  proeence  of  a  fourtll 
TkkIv  U  combined  ivitli  A  B,  one  of  the  new  componnda  A  B  and  A  C,  or 
each  of  tlif-^m  separately,  iiTJiting  with  Ihia  fourth  hody.— Mercury  placed 
a  solution  of  jiitrate  of  silror  forms  Huhnltral«  of  mercury  and  silvur- 
inlgam   (ArLor  lliatife,  Sdi,  31). — When  phosphorus  is   boiled  in. 
*atcr  holding  potash  in  solution,  phosphate  of  potash  and  phosphnrctted 
hydrogen  gna  arc  produced  (Sch.  32). — Chlorine  gae  passed  into  aci^ueous 
Bolntion  of  potash  yields  chtomte  and  hydroclilorate  of  potitsh  (.S'cA.  3,3). 
■ — If  in  this  pToceaa  wo  Buppose  that  potash  instead  of  water  i&  the  hodj 
decomposed,  uud  that  not  liydroehlorate  of  jiotnah  but  chloride  of  potas- 
iium  is  produced,  then  Srh.  3i  must  be  euhstituted  for  Sch.  33.  The 
"ctioii  of  hf online  or  iodine  upon  potnali  Sa  precisely  einiilar  to  that  of 
Tilorino.    Sulphur  exerta  a  yinillar  action  on  lime  (or  potash)  when  water 
present;  the  action  will  bo  re [i resented  hy  Sch.  35  or  6'ch.  36  according 
wo  suppose  hydroaulphato  of  lime  or  ijuinto-sulphuret   of  mluium 
to  bo  the  hody  formed.    In  SfA.  34  and  3«,  the  fourth  hody  is  a  part  of 
*ie  compound  A  B,  wiiich  reniaina  un decora poaed.    The  eame  is  the  case 
the  co^TC^^^ion  of  potash  by  exeees  of  sulphur  at  a  red'lieat  into  ijuiato- 
_  Iphuret  of  potiisjdiuni  and  sulphate  of  potash  (<S;fl.  37). 

Sometime*  a  fourth  body  D  exists  before  the  decomposition  in  oombi- 
jmtion  with  A  B,  and  is  set  at  liberty  by  the  decampQsition.    Sidphate  of 
itnouira.  dissolved  in  water  is  converted  hy  chlorine  into  liydrncLloric 
jdj  chloride  of  nitrogen,  and  froe  sulphuric  acid  (D)  (.VcA.  3y). 

3,  The  compound  A  B  is  actwi  upon  hy  the  compound  C  D,  and  there 
»re  formed  two  new  compounds  AC  and  BD.  This  very  frequent  and 
Iniports-nt  case  w  called  decomposition  by  Douhlc  Elective  A^nify,  Double 
•Ji^nity,  Attractio  eiecUva  duplex  (rSVA.  39). 

pL'rclilorido  of  phosphorus  (PCl^)  and  water  produce  hydrochlorio 
~ciil  and  phosphoric  jicid  (PC)  (Sch.  iii). — Sulphuretted  hydrogen  with 
6xidc  of  lead  yields  stulphnret  of  lead  and  water  (StA.  4l)j  with  peroxide 
of  tin,  hiaulph'urct  mf  tin  and  water  (.S'cA.  42);  with  arsenioua  acid,  ter- 
aulphurel  of  arBcnic  and  water  (.SV/f.  43);  with  araenic  aeid,  quinto-sul- 
hurct  of  arsoaic  and  water  {Sch.  44). — Other  hydiacvds  wit  w^qb. 


ISO 


AinSITT. 


■bote  «C  alts  fff»t»MMit  a  mmi  mm 


«f  aatiflMay  keated  wit 
yMk.  tcrcUmfe  gf  aatuaoaj  aW 

kits  (r— --g  ~  fcM*  aad  aa  aeii  M  fmTiiMin  ckOMatl] 
Tw«  alifl  vifaMA  I  irtliin  Afctaal         jaI  haea  «Aea  mb 

tim^  de^ento  i»  imA  a  Mi—W  Utt  Uw  tpj     A»  fait  cowbiTM*  wi 
tWbaw  a£  tW  noHd,  aad  tke  ac^  a£  tW  mbmJ  witk  tke  ban  of 
fii9l,  <lM.uw|MMiliaa  h  MtliiM  iihuai  «Wa  c^ts  an  nulled 

iWr,  WcMM  ta  caa»  af  ta  axcfcaa^  t^loBS  pihw  the  two  bawIt  

mltM  ohtn  fua  togctkcr;  hat  it         frefMBllj  Hcaia  vben  Mntiou 
lite  ealta  in  wmta  or  otker  ligaida  an  wxed  tontWr.    In  ibe  lalter 
if  die  two  newlj-finaed  adla  am  lft«riae  nhHc,  the  deeompoatioa 
fca  SmamrA  frwa  ita  MMtUniaa  rf  ihe  ahamrf  on 

ar  moCb£;  bat  is  rtrj  mmmj  cbmb  aas  if  Iha  aevhr-liDnMd  aalia  u 
diplAlj  or  not  at  all  mlafala  ia  lha  ■wastrana,  and  eoBMqacntlj  affi 
endenee  of  tba  decoaipoAi—  bj  KfantiBg  from  the  aoIatkiD  la 
■olid  form.    Whsa  aqaaaai  nlntioBa  af  oihnate  vS  potvii  aad  ealpl 
fd  loda  are  mixed,  the  Uqaid  jkldi     eiipwiti—  aad  eoolln;,  tli^l  ci 
tab  flf  nluhale  of  pobufa,  aAnvardi  af  eubMito  itf  mdi  {ScA.  M) 
Kitiate  of  buyla  and  salpbate  of  aodaBixad  in  the  state  of  aqueons 
tioQ  rield  iHtist«  of  eoda  whiA  maias  diHoIred,  and  nilphata  of  b_ 
wliicn  imm^UtclT  precipitates  in  the  form  of  ao  insDlable  white  po 
{Sc&.  47 ). — Similarly,  atjoeoiu  solutiuu  of  carbonate  of  potaeh  and  nil 
of  Ifme  yieM  a  thict  precipitate  of  carbooatc  of  lime,  while  nitrate 
pota^ti  remains  dissolTcd  in  {be  Hqaid  (Sei,  4)4). — A  soluble  nit  may 
likewLM  interchange  elementa  with  an  ineolaUe  one;  e.  ff.  carbooat*  w 
Boda  and  sulphate  of  lead  ^ield  sulphate  uf  snda  and  carbonate  orf  load. 

To  th\B  ease  belong  Kicht^r  s  Iaiip  0/ XevtraliaUion  (Beitrage,  i,  66^ 
Ricbter  found  that  wben  decompoeition  lakes  place  between  two  m1 
vhieh  are  neotra]  to  regetable  coloors  (page  97)  the  two  nealj-l 
satift  are  likewira  Denlrab    From  thU  he  concluded  that  if  the  acid  af 
first  Bait,  hj  combining  with  a  certain  quanifty  of  the  baae  of  the 
■eta  free  a  certain  quantity  of  acid  beloDgiog  to  it.  this  qaantity  of 
ia  exactly  aafficient  to  form  a  neutral  salt  by  combining  with  tho  dii 
eablo  qaantity  of  the  ba«e  of  the  first.    Of  this  important  principle  Rich' 
availed  faimeelf  in  hiA  etoichiometrioal  calculations:  the  result  etin 
be  ea«i]y  explaiued  hy  Ihe  atomic  theory      abuve  dcvplnped.    Salts  ai« 
coiikmonly  ueulral  when  they  ci>nlain  one  alimi  of  acid  fur  every  al<un  of 


Jf  now  two  satis  thus  constituted  decompose  each  other,  prodaelv 
1  atom  of  acid  of  the  firat  cnruhinoa  wilh  1  atom  of  base  uf  Uie  leooaa; 
and  I  atom  of  base  of  the  first  wjtb  1  atom  of  acid  of  Um  Booood:  hence 
botli  tho  new  coin|K>iJods  are  nciilral.  Ia  those  cases,  however,  in 
vrbich  the  uewly  frimicd  iusoluble  salt  cootainu  a  number  of  atoms  of  a 
particukr  iu:id  dilfercnt  from  that  which  occurs  in  the  former  salt,  tb« 
law  of  iiGutnilixalii>n  id  suhject  lo  exceptions.  Thns  ordinary  phot^diat* 
nf  »i'»Ia  eoiitiiiiis  !  utom  of  pb(i)«phuric  ncid  and  2  atoms  of  soda:  new 
when  thii  in  iloci>m|io8ed  hy  nitrate  of  silver  (1  atom  vi  acid  -f  I  atom  0(1 
btae)  a  rom|H>iJEi>l  precipitateil  cnntAiniii)r  1  almTi  nf  pbr>s|ihi]ric  aei4 
and  3  utumii  of  oxiiio  of  silver;  but  tbceo  wero  originnlly  <-oiiiliincd  with 
3  atouiH  of  nitric  acid,  and  they  now  cumo  in  contact  with  only  2  atumij 
of  fod^  and  iiinee  2  atomn  of  soda  require  o»]y  2  alnms  of  nitm  acid 
atntraliaQ  theni,  tho  liquid  hofiomcs  acid  (SeA.  4!l). 

Tli«  following  aro  cam^a  of  decompoKition  by  duablo  atGnity,  in  whieki 
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a  fifth  body  E  ntso  comes  into  play.  The  c^iDijjnimd  A  B  13  in  combina- 
tion with  ii  and  the  lulter  Bubfleqiiently  unites  witb  A  C.  Oil  of  vitrinl 
(e^iilpburic  acid  -t  water)  mixed  with  chloride  of  eoilium  jiclda  isulpliato 
of  eyila  aud  hydrwhlwric  acid  ^aa  (.Wt.  50). — Siilptiate  of  niorcury 
hualvd  with  chloride  id  sodium  yitildiii  isulpbate  of  soda  aod  chlorJJti  of 
Hry  ((tS-'c/i,  51). — By  fusing  togotbor  sulphato  of  baryta  and  chloride 
bf  calcium  we  ^(/(ain  ^ulpiiato  of  liiino  and  vhloridc  "if  barium  (.S'c/i.  52). 
— In  a  similar  paanner  may  be  explaiD'cd  nil  other  Jetoin^osiLions  of  a 
Bnlt  consisting  uf  a.a  oxacid  ^nd  11  ba^e  by  any  metallic  sulphuret,  iodide, 
bromide,  chloride,  fluoride,  orcyaciide,  wliether  water  be  present  or  uot. 
Thua  aqueous  solutions  of  enlphato  of  snda  and  chloride  of  barium  yield, 
an  mixlug,  a  precipitate  of  snlphatc  of  baryta,  while  chloride  of  sodium 
remains  in  solution  (^Sch.  53);  and  solutiuiis  of  carbonate  of  polasb  and 
cbloi'ide  of  calcium  yield  jirecipitated  carbonate  of  ItuiC  and  solubJe  chlo- 
ride of  potassiiini  (.Sc/i.  54).  If  however  we  siippoae  that  the  metallic 
Biilphuretg,  chlorides,  &c.,  are  convcrtetl  on  solution  into  ealta  consisting 
of  hydracida  combined  with  metallic  oxidea,  then  iSc/i-.  54  muat  be  altered 
intw  iScii.  5j, — The  niutuat  ducompoeitlon  of  fcrrocyaoide  of  potasHiura 
and  fiuiphatc  of  copper  may  bo  roprcsentcd  hy  Sch.  56  or  Sck.  57,  accord- 
ingly ta^  it  is  supposed  that  the  former  diBSolvee  in  m-atcr  without  alteror 
tion,  or  becomes  changed  into  prns^iato  of  protoxide  of  tin  and  potash;  in 
the  former  case  both  A  B  and  C  D  are  conibined,  the  one  with  a  fifth,  the 
other  with  a  eixth  body,  tie  fomior  of  which  combinea  with  A  C,  the  latter 
with  Bl>. 

The  deenmpoaitioo  of  common  salt  hy  heating  it  with  eilica.  and 
allowing  vapour  of  water  to  have  accct^  to  the  mixture,  present?  this 
^liarity — that  E  the  edica  Is  not  combined  with  A  B  the  water,  hut 
■cts  by  itiielf  and  combines  with  A  C  the  aoda  (^ii'cA.  5S). 

In  some  coses  uf  decoinpoGition:  by  double  affinity,  part  of  the  com' 
pound  AB  reuiaine  uudecomposjed  ana  enter?  info  combination  with  th(> 
new  compound  A  C.  When  2  atoms  of  baiyta  at  a  red  heat  are  acted 
upon  by  1  atom  of  biaulpburet  of  carbon,  there  are  formed  2  atoms  of 
sulpbur«t  of  barium  and  1  atom  of  carbonic  acid  which  unites  with  tho 
ondecomposed  atom  of  baryta  (Scfi.  — In  other  cases  the  andecom- 
posed  portion  of  A  B  unites  partly  with  A  C  and  partly  with  BD.  Thus 
when  tersulphuret  of  antimony  iu  excess  is  fused  with  polnfli,  a  Compound 
of  sulpburt^t  of  nntimony  with  oiide  of  antimony  is  formed,  and  also  a 
compound  of  amipburet  of  antimony  with  eulphuret  of  potassium 
{Sch.  60). 

Or  again,  the  iindeconiposed  portion  of  A  B  unites?  with  the  new  cora- 
|Kgnnd  Bit,  and  the  undecomposed  portion  of  C  D  with  the  new  compound 
*-0.  Thus  on  fuain^  to/^ethor  8  atoms  of  tersulphuret  of  antimony  and 
r'ktoms  of  potash,  wc  obtain  a  compouud  of  unlphuret  of  pfftaesium  with 
Eulphuret  of  antinKmy  and  a  eompound  of  oxide  of  antimony  with 
jiotjwh  (iVuGl). — Bieulphuret  of  carbon  dissolved  in  aijooous  solution 
of  polasli  yields  snlphuret  of  puta^-sium  which  unites  with  «ulphuret  of 
carbon,  and  carlionic  sicid  which  combines  with  potash  (Sc/t.  02). 

The  compound  A  B  may  alao  be  in  combination  with  a  fifth  body  E, 
■which  is  aet  free  hy  itself  simultaneoualy  with  tlio  formation  of  A  C  and 
BD.  The  compound  of  hydrochloric  and  ammonia  (E)  ie  resolved  when 
mixed  with  lime  into  chloride  of  calcium  and  water,  whde  ammonia  is  «et 
free  (Sch.  63.) 

Lastly,  a  portion  of  B  may  remain  uuconil)ined:  2  atoms  of  hydro- 
clduric  acid  and  1  atom  of  peroxide  of  manganeeo  ij'vtW  ^  ^JlV^dtq^^  -^W-t^ 
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and  1  atom  O'f  cblorido  of  mangancso,  while  1  atom  ofcblorme  is  Atsen* 
gaged  (•S'rA.  ()4),  If  wo  suppose  tbat  bydrochloratA?  of  jiroCuxidt'  of 
luiingaDL'SE;  is  formed  itistcad  of  tlio  i;bl«ride  of  Dmnganeee,  we  must 
represent  the  Action  by  iScA.  73, 

4.  Tho  ntntufll  action  of  AB  nud  CD  produc^e  only  the  compoand 
A  C,  whiiB  bolli  B  :ind  11  are  separated  in  the  fr*?e  state  (ScA,  05),  Cat> 
bonate  of  giotiLsh  mixed  in  solution  with  Mulpbato  of  alumina  forniJf  »ut> 
|)lia.tu  of  potivi^L,  lyliilo  carbonic  a«id  is  disengaged  as  gus;  nnd  alnRiiiiA 
precipitated,  this  oartb  not  beint;  al>le  to  combine  with  carbonic  a^iij 
(ScJ>.  68),  Nitric  acid  and  hydrocliloric  acid  heated  together  form  water, 
hyponitric  arid,  and  chlorine  (iSV/t.  87}-  In  tbis  case  the  cotnpoun<l» 
A  B  iind  C  D  may  exist  in  combination  one  wjtb  the  other,  and  auffer  do* 
consposition  when  heated.  Thus  RuSphate  of  amntonifk  pAS$ed  tliroui^b  a 
ted-liiil  tnbe  is  rflfiolved  into  water,  flitrogcn  gas  and  9iil|iliur  (Scfi.  SH). 
Moreover  the  id™*nt  B  of  tlie  eompomid  A  B  and  the  clement  D  of  tha 
compoiiDd  CD  may  be  idcutirnl:  thus  Hiilphuroua  ncid  and  sulphuretted 
hydrogen  form  water  and  aulpkur  (Stft.  Gf>);  iodic  acid  Rnd  bydriodifl 
acid  yield  water  and  lodtuG  (.S"M,  70);  nitrite  &f  ftnimonia  dineolreH  !a 
water  w  reeolved  by  yentlo  wamiirg  into  water  and  uitropen  saa  (J'bA. 
7!).  If  in  iheeo  cafes  tlip  body  C  dtvea  not  take  up  the  wholo  of  A.  part 
oF  the  latter  remaina  in  conibinatron  with  the  separated  element  which 
exiet-ed  in  both  the  original  compounds:  thus  nitrate  of  ammonia  is  re- 
solved by  heat  into  water  and  protoxide  of  nitro'gen.    {Srh.  72.) 

A  portion  of  A  B  may  also  remain  andecompot^ed  and  combine  aa  % 
fifdi  body  with  either  D  or  AC.  Kydrochloric acid  and  peroiidc  of  man- 
L'rtoese  resolve  thoniaeU'oa  by  their  joint  aetioci  into  water,  chlorine,  and 
bydrocblorato  of  protoxide  of  manganese  (.ScA.  73).  Anhydrous  buI- 
pTiurie  arid  acting  with  the  aid  of  beat  en  chlorine  of  sodium  prodncoB 
sulphate  of  sodn,  eiilpliuron?  acid  giw,  and  clilorine  gas  {Scfi,  74). 

5.  Tho  two  bodies  C  and  D  net  eepanvtely  on  the  eotnpound  A  B,  anil 
produce  tbo  compounds  AC  n.nd  BD.  The  twq  electrivitiea  flowiD]|;  ipto 
water  on  opjiosito  sides  prrMluce  oxygen  gas,  whiuh  may  pcrbajifl  In 
reg:irded  na  a  (Compound  of  positiTo  electricity  with  oiygen,  and  hydrogen 
gas,  wliieb  should  perhaps  be  regarded  as  a  compound  of  ne^tito  eleolrj- 
city  wit©  hydrijgen  and  a  similar  explanntion  miay  bA  girea 
of  the  decompositions  of  other  [>ondcrablc  compounds  by  tbe  olt^lric 
current,  Silii^a  mixed  with  charcoal  and  acted  upon  at  a.  feil  hc»t  by 
chlorine  ijns,  yields  chloride  of  silicium  and  carbonic  nxide  (5'eA.  "SJ. 
Similar  r&sult;*  arc  obtained  with  many  other  nictallio  oxidoa. 

(t.  Tliore  are  two  compounds  A  B  and  C  T)  independent  of  *Tieh  other: 
a  bnily  K  combine**  with  A,  brings  B  into  combinaltoti  with  D,  and  acU 
C  nt.  liberty  (iS'cA.  77).  When  vapour  of  watfr  is  pasispd  over  a  mixluro 
of  (dilnridi^  of  silver  nnd  charcoal  at  a  red  bent,  carbonic  oxido,  hydpi>- 
rhhiric  acid,  ami  mcLiillio  silver  arc  produced  [Sfh.  "■S).  In  the  foUowiag 
tiistiiiice  auothrr  portion  of  K  cnnihinen  at  tho  Fame  time  wilb  B  Ll. 
Chloride  of  sodiunij  iwroxide  of  inAngnncse,  and  Biilplmric  acid  yield 
eulnbate  of  Boda,  sulpliate  of  protoxidB  of  moii ganr«e,  aiid  efawrin* 
(SX  7»). 

I.  From  a  comT>onnd  of  A  B  with  A  E  takee  tiio  whole  of  A  mDd 
pamratfn  B  and  l)  cither  in  th-'  frcti  state  or  combined  tein-||ier  (AVA  W). 
Whon  hydrati-  of  potash  In  hrouglit  into  oontftct  with  imn  at  a  wbHto 
fant,  Qxitla  of  iron,  hydrogen  ga»,  and  potOHtum  art-  pmdueed  {SeA.  9t). 
niUoval  decomjiONefl  carlninatn  nf  podn,  producing;  3  At.  corbooio  ox«U 
gat  aod  }  At.  «i>djuii]  {HcK  83).   Cliurcool  at  a  rod  boat  doeonipatw 
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phosptiAte  of  letnl,  produciug  carbonic  oxidfl,  pliosphontB,  aad  ieoA  (.S'cA. 
83).  Hydrcisfi?"  (Trs  coDdiifted  over  red  Lot  «u^ilia.to  of  potash  produceB 
water  ami  ^ulphur^t.  of  potaflsium  (li'c/i.  Si).  Tin  Irented  witli  atjueoiis 
Bolutitin  of  nitric  acid  ytelda  pfjro^hle  vf  i'm  auH  ammonia,  Ihe  latter,  liow- 
ever,  coinbiiiing  with  the  iinileconipoaed  imrtio'n  of  thtj  nitrii"  acid  {iSch.  85). 

8.  Two  Compound?,  ABC  and  D  E  P,  resolve  theiiieelves  by  their 
mutual  Mticifl  iato  the  3  cuinpounds  A  D,  B  E,  and  C  F  (.S'cA,  »»}.  Tbis 
Ciute  hiifl  received  the  name  of  ,1f;mrt(0  flfcHm  ntudi-plrx.  Hydros uiplm to 
of  ammonia  and  nilrsto  of  lead  produce  sulpburet  of  Ism,  water,  aud 
nitrate  of  amnionia  {Scft.  87), 

The  cause  of  all  tbe^e  decomposHionB  of  eiiatiug  cumpotiuds  by  eupor- 
■j]dud  bodies  teaulting  in  the  formalion  of  new  conipoundu,  ia  universally 
U>  be  sought  in  tiio  conditioa  thcit  the  forces  which  tend  towards  the 
formation  of  tho  tiew  coinpounda  fire  atrongcr  thmi  those  whose  tendency 
'"  .to  niintitain  the  old  ones.  In  sueb  cbAUgci^  affinity  pfajs  by  far  the 
important  part ;  but  some  influonec  is  alao  exerted  by  cohesion. 
The  influence  of  cohesion  may  perhapa  be  iinderatood  in  the  following 
'majmer.  The  more  fofierent  any  clement  of  a,  compound  miiy  be.  iba 
greater  will  be  its  inclination  to  leave  that  compotitidf  and  form  itself^  by 
virtue  of  cohesion,  into  larj^r  niaagcs,  and  the  more  quickly,  thcreforCj 
will  the  old  conipotiiid  hn  decomposed  by  a  weaker  affinity.  Tbe  eanie 
eflect  results  from  ^Tcatcr  coheBion  in  the  new  compounds;  for  the  for- 
liiLttion  of  tlieao  compouuila  ift  then  assieted,  not  only  by  tbe  alHriLty  of 
tlieir  elemeuta,  hot  also  by  the  tendency  of  the  compoiind  atoms  to  unite 
tbeiuBelves  by  Yirtuo  of  their  cohesion  into  larger  maaees.  Tbe  greater 
therefore  the  colicaiun  of  the  Beparating  bodies  and  of  the  conipoiuids 
about  to  bo  formed,  tbe  more  eaeily  will  the  decoiupoeition  take  place; 
on  th^  coatnuy,  the  greater  the  cohesion  of  tbo  old  cumpouuds  and  of  tho 
tody  which  produces  tbe  dcoompoBition.  tho  greater  wilt  be  the  excess  of 
affijiitiee  r«(jnircd  tO'  effect  that  decomposition.  This  influence  of  cohesion 
•ceniA  to  he  especially  corroborated  by  the  law  discovered  by  Hahnpuiiinn 
(Dcmacftt/  Laborant  im  Givusen,  P.  2,  1784,  Von'eiie),  and  furtlier  deve- 
loped by  BertlioUet,  viz,,  that  two  ealta  dissolved  in  water  deeotnpoae  one 
auotlier  by  double  affinity,  whenever  one  at  least  of  the  new  salts  is,  itt 
the  j^iven  ternpemtHre,  lesa  soluble  (and  therefor©  moro  coherent)  than 
either  of  tbe  two  original  eonipounds.  Tki.-^  law  holds  good  without  any 
exception  whatever;  in  no  instance  are  two  soluble  sittt*  prodiiiced  from 
tlie  mutual  action  of  a  soluble  and  an  insoluble  salt  ;  on  the  other  hmd 
two  soluble  salts  often  produce  a  less  soluble  and  an  insoluble  anlt.  The 
only  case  which  appears  to  jiresont  an  exeejjtion  m  that  observed  by 
Th.  Schcrer  {I'o^ff.  51,  470),  and  this  requires  further  examination.  It 
from  this  cause  that  precipitations  so  often  result  from  decompositions 
double  affinity.  {C'ovip,  Sch.  48,  47,  4*^  4^-)  If  wo  eupposc  that 
salt  dissolves  in  water  with  greater  facility,  the  mora  coherent  it  ta 
(althun£;h  tho  strenL'th  of  its  affinity  for  water  must  alao  be  taken  into 
Xwnxideratiou),  it  will  follow  that  in  these  docompoaitiona  the  precipitation 
Icsult*  from  the  greater  cohe-tion  of  one  or  both  of  the  new  ealta.  Perhaps 
in  these  mutual  decompositions  of  salts,  the  affinities  Viy  which  tho  old 
ounda  arc  held  together  are  in  equilibrium  with  those  which  tend  to 
_^iice  tho  new  one.i,  and  conaequcutly  the  greater  cohesion  of  a  new 
-omponnd  determines  the  result. 

On  tho  other  hand,  the  cxpcrimenta  of  Gay-Lussac  (po^e  1 14)  must  lo 
conslderedj  aeconling-  to  which  cohesion  exerts  no  perceptible  iufliicnco 
on  eolobility.    NeTerthelea&,  liay-Lassao'a  osplaualwn ^.^'4  u\*q"sc\i&,>w 
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{Ann.  Ohm,  rhi/3.  70,  427)  Jiffers  but  littlo  from  that  of  BertliollcL 
Tlie  following  i^xpUnatlon  may  aUu  Lo  proposeJ.  The  more  iutimnw 
the  cooitiinattua  beiweeti  na  acid  and  a  hose,  aud  consequently  tlio  mora 
completely  tW  combining  tendency  of  the  two  l>oJiea  is  satiaBc^l  Ity  tho 
combination,  tlie  (^mailer  will  be  tlio  afliuity  e:Ebihited  by  the  new  com- 
ponnJ,  under  otherwise  equal  circiirastancea,  towardiS  otlior  bodies  ;  it  will 
therefore  hiive  Ipse  athnity  for  wn,tcr»  that  is  to  my^  it  will  I>c  leas  eolnble: 
it  tnnst,  however,  bo  obaorved  that  tho  solubility  will  diminifti  ta  wry 
different  clegrees  according  to  the  nature  of  the  acid  and  thu  base.  IIouco 
in  the  decompoKition  of  salts  by  double  affinity,  the  resulting  compounds 
art!  always  those  iii  whose  formation  tbe  strongest  adiuitics  como  iutu 
plpiy;  mil]  precisely  for  thiu  roosoUr  tUeee  same  compouDds  are  those  which 
have  comparatively  the  Icaat  solubility, 

Indcipeiiiienlly,  however,  of  this  inUuonco  «f  tho  cohesive  forcfl  (which 
laust  not  in  any  cnee  bo  QGtiniiLted  too  highly),  dceompoaitions  are  wholly 
deterniiiiud  by  tbe  relative  strength  of  tlio  aHinitics.  Bccouijiosiiioa 
invariably  tatiCK  place  whenever  tho  Separating  Aj/iniiieg,  AJtnitafcs  tiivei- 
Irnttf,  L  c,  tbe  aliiuiCics  which  tend  to  (he  funiintion  of  new  conipouadsj 
«ro  together  greater  than  tho  Ltftni  AJinili'-s,  A^niiates  qttuictTtttt, 
those,  viz.,  by  which  the  old  compgiiudB  are  held  together.  The  result  u 
detemiined  uot  by  any  >singto  affinity,  but  by  tbe  sum  of  all  tbe  a£aitiet 
which  are  capablp  of  being  ^atisdod  *t  tbe  same  timo.  Hence  a  struonr 
affinity  utay  be  overcome  by  several  weaker  uffinities  which  cnn  dq 
brou|;bt  lo  act  together.  For  exam])le,  eiLica  cannot  be  deprived  of  iti 
oxygen  by  betiting  it  with  charcoal:  whence  it  follows  that  the  affinity  of 
oxygen  for  sliicium  is  greater  than  ita  affinity  for  ca,rbon ;  neither  nw 
chloride  of  etlicium  he  formed  iind  oxygen  sepumteJ  hy  bcAling  silica  io 
chlorine  gas;  whence  we  may  infer  that  silicium  has  a  greater  afSnity  f<4 
oxygen  than  for  chlorine.  But  when  chlorine  gas  is  conducted  over  ftj 
mixture  of  silica  and  charcoal  healed  to  redness,  the  afilnities  of  oxyg 
for  carbon  and  of  chlorine  fur  eilicium  :ict  siniultaneouBly,  and  the.<ie  ti 
weaker  nffinitiet;  are  together  grcjiter  than  Uint  of  siliciunt  for  fxygenjl 
consequently  ciki-honic  oxide  and  i-bEoride  of  eiltcium  are  produced  (SeAm] 
75). 

From  this  may  he  deduced  tho  explanation  of  DtcfimpojtitMn  hy  Pr 
dispoginff  Aj^nitif  {Afinitat  prtedisponrna).  If  the  affinity  between  Aj 
Rod  B  be  greater  than  that  lietweou  A  and  C,  it  is  eliU  possible  that  C] 
may  dceompoao  A  U  and  form  A  C,  provided  a  fourth  substance  D  b«J 
pretent,  whose  affinity  for  A  C  is  euch  as  tn  detemiiiie  the  fttrmaiion 
that  conipotind.  Siiipi»oKe  the  compound  A  B  to  be  carbunit^  acid,  C  phc 
plioru9,  JJ  soda,.  I*b"fin!ioru*  biu  not  the  power  at  any  teni|K'miope 
depriving  curbunic  acid  of  all  it*  oxvgen,  nnd  (^cpnnititig  tho  caribou:  i 
tho  contrary,  when  phi^sphoric  aciJ  mid  chfireonl  are  heated  togellieAl 
Oarbunic  oiide  and  pbuHphnruH  are  produced,  ^ow  bv  tho  prcWDO  i 
»la,  which  baA  a  certain  aliinity  for  carbtinic  acid,  but  a  miicb  grttt) 
I'ftttinity  For  pboMphoric  avid,  tho  circumKtiincee  are  allcri'd.  if  viponr  i 
[rho^phcrrua  be  eooducted  over  carbonate  of  sodii  heutcl  to  rsdnen  la 
ibi",  a  bluck  mixture  of  cbarqoul  and  phosphate  of  soda  te  produeod,  tltCI 
Action  being  accnmimnied  by  a  devclii^imant  of  litflit  and  boat  (iScA.  SO).! 
If  wo  suppose,  fur  the  «nkc  of  illuslrulion,  that  tbe  nHinity  of  vxygvn  for  j 
cubon  =  10,  for  phoaphoru^  =  9,  that  of  soda  for  cnrbonie  acid  =  1,  udj 
for  phoHphoric  ncid  =  D,  then  the  sum  of  tbe  latent  allitiilica  will  bcj 
10  +  1  =  1  Ir  that  of  tho  decomposing  altinlliis  =0  +  3=12:  eonw! 
qumtly,  docompoNition  mubt  take  place    In  this  instauco  it  i«  tb«  pro-j 
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diepoBtng*  afCinity  oF  sikIel  fur  pliosplioric  acid  which  brings  abont  the  For- 
luatiun  o(  thfit  coiiipttunrt.  It  ia  true  that  wo  hcri>  titlio  into  afcount  the 
affiinity  of  a.  subptance  (soiia)  for  a  coinpoiin*!  (pboa|ihori<!  acid)  wliich 
before  the  decompusition  takes  place  lias      exieteuce.    But  when  bodies 

brought  mto  intinrnte  ronttict,  a\\  the  forces  which  e&iet,  not  only  iu 
themselves  but  ia  all  their  possjblfl  conipomidfl,  are  called  iuto  action  at 
the  same  time,  'Witbout  such  a  supposition  it  wpuld  be  impoasible  to 
give  a,  eatiBfaclDry  explanalion  of  the  decomposition  of  carbonic  acid  bj 
pboQpfaorua,  and  of  many  others  of  almilar  nature. 

Tbe  same  deconipoBitione  alwaye  take  place  nnder  Bimilar  circnni- 
viancea ;  for  example,  it  never  hnppens  th^-t  A  B  ie  docompused  by  C  at 
one  time  and  A  C  by  B  at  another;  but  ■with  cbange  of  circumstaDcee, 
Biicli  opp^isite  results  of  the  conflict  of  affinities  often  show  themselves, 
C^DStitutibg  the  so-called  Ihdpro^at  or  Altemaling  Eltctive  Affiiiitia, 
A ^iiitaifk  r£ciproc(e.  The  circumstances  whose  aitfration  may  be 
Attended  with  such  changes  of  result  nre  the  relative  t|uantitiea  of  the 
bodies  -which  act  upon  each  other,  the  prediapuBing  afGuity  of  the  solvent, 
and  the  presence  of  heat. 

1.  Relative  Qitandt^j.  An  exceas  of  one  of  the  bodies  which  act  upon 
ench  other  may  produce  an  opp&site  result,  sometimes  hy  adlieeion,  a&nie- 
times  hy  affinity. 

a.  Bif  AtVir^iifiii.  When  hydrnj^en  gas  is  passed  over  black  oxide  of 
iron  {tVO')j  the  oxide  ia  reduced  to  the  state  of  metallic  iron,  and  a 
mixture  of  vapour  of  water  and  free  hydrogen  gas  m  diachargcfl  from  the 
end  of  the  tube.  But  If  vapour  of  water  be  passed  over  this  metallic  iron> 
lUie  oictal  in  again  converted  into  black  oxide,  and  iv  mixture  of  hydrogen 
and  undecompoaed  vapour  of  water  issues  from  the  tube.  Gay- 
Mtsa^  and  Re)?iiault  {A  nn.  C'kivi.  Pkys,  1,  33;  tf2,  372)  have  shown  that 
tLeBe  opposite  rejjults  are  by  po  means  produced  (oe  noino  have  supposed) 
by  difference  of  temperature,  hut  that  at  every  degree  of  tempemture  from 
the  dnilest  to  the  hrighteat  red  hcatr  and  even  when  red-hot  vapour  of 
water  \s  passed  through  the  tulje,  thfe  action  takes  place  sometimes  ono 
way  sometime^  the  other,  according  to  the  relative  quantities  of  hydrogen 
jpxa  and  vapour  of  water  present.  Hydrogen  lias  perbapa  a  greater 
affinity  for  oxygen  than  iron  has;  hut  at  a  red  beat,  tlie  atlinity  of  beat 
hydrogen  likewise  coracs  into  play,  ho  that  an  equilibrium  takea  place, 
.  -%»d  then  the  adhesion  between  hydrogen  gaa  and  vapour  of  water  may 
'determine  the  preponderance.  If  bydrogeu  gaa  is  in  ■cxcC3.=!,  itci  adhesion 
to  vapour  of  water  causes  formation  of  water  and  consequent  reduction  of 
iron  :  if  vapour  of  water  is  in  excess,  its  adhenion  to  hydrogen  qas  causes 
tlie  iron  to  decompoae  part  of  the  water,  whereby  it  becomes  oxidized  and 
Iflierates  bydro^'en  gas.  In  either  caao  there  ia  produced  a  mixture  of 
,  lydrogeu  gaa  anil  vaponr  of  water. — According  to  Defiprets  {Aim.  Chiin, 
T^h^s.  43,  222,  also  Fogj.  S,  \5^)  zinc,  tin^  cobalt,  atid  niekel  act  in  the 
eame  manner  as  invn;  and  according  to  Regnault,  uraniuio  and  cadmium  do 
the  Bame,  although  neither  of  tbem  decompoBcs  water  with  facility. — 
Zinc,  tin,  and  iron  exhibit,  according  to  Regnault,  precisely  einiilar  rela- 
tions towards  carbonic  oxide  and  carbonic  acid;  they  oxidate  in  curbunio 
Boid  gOH  and  ronvcrt  it  into  carbonic  oxide;  and  on  the  other  hand  their 
oxides,  when  heated  In  a  i^tr^am  of  carbonic  oxide  gas,  are  reduced  to  the 
metallic  stale,  carb<inic  acid  being  at  the  same  time  produced.  To 
explain  this  action,  we  must  suppose  adhesion  to  exist  between  carbonfc 
(hxidc  and  carbonic  acid  gases. — Hydrogen  gUA  passed  in  great  excess  over 
ptotosalphurct  of  till  produces  tin  and  a  mixture  of  ^•'iTogjiTi, 
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phnretlcd  lijdrogen  gaaea.  (Eisner.)  Tin  h«al«d  in  snlpliurcited  bydrogOB 
gva  produces  protosuijihurct  of  tin  sud  liydrnfieii  gEie  (Qay-LuBMUi  A 
Thenard). — Hydrogen  giis  [wwBed  OYcr  red4iut  rhioride  of  silver  producei 
tiilyornnd  b^drochloric  ocidga^j  na  the  other  Lnnd,  wlien  eilrec  ie  Ltratcd 
ti>  rednesa  m  hydrodiloric  avid  gna,  tblnride  uf  ii^ilvcr  ia  produced  ivn<l 
liydrogeo  giu  set  frc«  (BouaeiDg^alt,  CJtim.  I^lijjt,  5i,  2Qli). 

disposing  cmsQ  in  thifi  csae  inuat  be  tb«  adlie^iou  b«lTrci?ii  hydrocbloria 
Jicid  gas  and  Lydrogen,  giu. — If  ciirWnatc  of  lluiu  be  Leated  in  n  tiii-<9 
till  it  bcgune  to  give  off  carbouic  aai'l  gaa,  and  tlo  boat  bu  tlicn  iowen-d  td 
surb  a  dcgreo  tbat  thu  ovohttion  of  gaa  shall  cease,  it  will  iinmedlnt^ly 
rei»>ninieuco  on  pasaing  vapuur  of  water  or  cuuimoD  ait  throiitfh  tbc  tulis 
(Guy-Luaeac,  Ann.  Chim.  Fhys.  219,  also  Ann.  I'harm.  22,  In 
this  case,  the  adhoalon  between  vapour  of  water  or  atmotpherio  air  and 
varbouic  n^id  sua  enables  the  affinity  of  heat  for  oarlionic  ac^id  to  oveTvaine, 
evoii  a-t  a  reduced  temperature,  the  nQinily  of  lime  for  carbonic  acid,— 
Wbile  carbonate  of  lime  givca  up  its  carbonic  actdwlion  bc-itol  to  ro>in^«« 
iu  tlie  open  air,  tpiick  limo  un  tb&  other  band  ab^irh^  carhoniu  ncid  iq 
(,'roiit  aliuiid!Lnc«;  wHien  Htrnti^dy  i^itted  in  an  alnioji*ph«rc  uf  bbut  git4 
(Petzholdt,  J.  pr.  Olituu  17,  4G4). — ■Carbonic  acid  jfas  pa&ie<l  ihrungh  att 
»<|iieotis  solittion  of  bi-bydroeuljtbate  of  poLoab  driven  out  all  the  buU 
jibiirettod  bydro^n  iu  tbe  fomi  of  gfUi  and  fornix  bicsLrliunAlfi  of  ^tuhj 
on  tbe  conlrary,  sulpburctt^d  bydrotfcn  gss  oxpi^l^  i&rbouio  acid  froia 
liii-iiTbonato  of  potasb  and  forma  binydroAulphate  of  potash. -"Me tallio 
lluoridcs  axa  decoin])osed  by  iiqiicoue  solntion  of  hydrochloric  acid,  and; 
inctalliu  ebloridcd  by  aqnouus  ftolntiou  of  hydrofluoric  acid.  Hydroohlorio 
:urid  doconipHWca  tbe  acctJltes  and  ai>elio  ncld  tbo  metallic  rhioridw.  Tba 
dc'coinpoaltig  acid  niudt  always  be  aibkd  in  very  ^'reat  esco^fl,  bo  that  % 
luiKlnre  of  tbo  decomposing  and  bcpnmtcd  and^  may  Iw  evolved  in  tht 
ilate  of  gae  or 'vapour  (Oay-Lueaa«,  Ann.  Chim,  Phj/s.  30,  201,  &1m 
X  Tt:  12,  2,  2S0).  In  thetiu  cuseb,  therefore,  a  ocrtaiu  inilucnco  ia  alvaya 
ox4>rtod  by  tbe  mutual  a<lbeeioa  of  tlio  eloetic  fluids,  or  according  tfl 
D»lton'«  tbcory  {ya^'i  22)  by  the  circiiniBtanoe  of  each  uf  the  elaatM 
lltiidM  aoting  us  a  Tacuam  towards  tbe  other. 

b.  Hit  A^itUjf,  If  to  uu  aquoouH  sulutjun  of  2  atonia  of  Galpbato  of 
aiumoni;)-,  pota«b,  or  soda  tbere  be  addvd  1  alum  of  nitric  iwid  (a  larfivr 
quantity  woubl  remain  uncouiibined)  the  tfinell  of  the  a«id  is  ooinpk'tfly 
a>ostroyed,  and  wlien  tbe  solution  is  lifft  to  rvajKirato  spoDluueomlv, 
nitrate  of  tuniuonia,  p<)La>ih,  or  xoda  crystallizes  out,  and  tbo  inotheMttiouL 
cuuUiind  nn  a]lc;ditio  biiiiilpliate.  If  on  the  contrary  to  an  a<inoou8solli|jott 
of  1  atom  of  nitrate  of  ammotiia,  potosb,  or  soda  there  b^iiddiMl  2  ntotn*  of 
Hulphuric  arid  nhd  bent  iipplicd  to  the  mixtui-i,',  the  whole  of  the  nitrio 
acid  ivsrnpCN  and  iiu  alkaltrir  bisidpbatci  romaini.  One  atom  uf  sulphuria 
acid  would  tuko  up  only  half  tbo  alkali  and  drive  out  only  imlf  tbo  Dttrio 
a>cid,  iinioHd  llm  artioa  were  aaaiirt^d  by  an  clrvntrd  trinpernturu.  Henca 
nitric  arid  tal-vJi  from  nouinl  Hulpluito  of  ammonia,  ptiti^wh,  or  nodo,  tJi« 
Imlf  of  itoi  hoiiit  and  fonni  a  nitrate;  tbe  iillntt«  on  tbo  otiirr  band  u 
dt'OoinpOM'tl  by  exceea  of  sniphurir  acid.  Tbiti  niuy  W  explained  u 
folloirs.  Tbe  abov^namc'd  alKalia  can  iwmbine  cither  witb  1  atom  of 
uulpbiirwi  wrid  to  fom  neutral  enlphatM.  or  witb  2  atoms  Ui  fonu  b!»tiU 
j)h,iuw:  witU  nitrir  acid  ihey  unlvcotiibino  aooordiug  to  ei|Lial  nniubftrt  of 
at^ni».  i^uppotie  Lbc*  itlbnity  of  tlin  alkali  to  nitric  arid  ~  J,  to  thi>  Ant 
atom  of  9ul|>hurie  acid  =:  II,  and  tlukt  of  the  nnulrul  alkaline  lulpbattf  M 
fortiicd  to  tbo  Mwond  atom  of  hulphuric  arid  =  2.  If  ibon  nitric  arid  bo 
added  to  a  ntiviai  alluiluie  eiLtjiliata,  titlicr  uiiu  atom  of  tbo  aulpbale  vill 
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remain  unilev(>Tn}toeed,iiQiDity=  0;  orits  alkali  will  combine  with  tlic  nitric 
ai-til,  ^iffitiity  =  5,  and  iU  sulpliurif  acid  with  the  other  atom  of  neutral 
hiilplmtc,  afliiiity  =  2;  the  3uni  of  thest;  ai^nitiea  19  ^  +  2  =  T,  find  aineo 
G  -<  7.  Jecnmpositioii  iakes  place  {Sch.  8S).  Tbo  alkaline  bisulpbute 
tliua  formed  ia  likowiao  mi  decomposable  hy  any  cxvens  of  uitric  acid, 
beoaiiae  il  ia  tcKl  togother  tlie  afiiniti'efi  e  +  2  —  H,  aud  the  nitric  acid 
acts  apon  it  only  with  mi  afiiiiity  =  5.  If  tlioreforo  on  the  other  liaTid  two 
ntcfins  of  sulphuric  acid  act  upuii  owe  atom  of  an  a-lkallno  nitrate,  the 
atliiiity  of  the  nitric  acid  for  the  alkali,  l>eiiig  =  5,  is  overcome  by  that  of 
the  2  atonts  of  Biilpburic  acid  for  the  alkali  which  =  G  +  2  =  8^  and  the 
"wliole  of  the  nitric  acid  i&  set  frea  »Li;le  tin  alkaline  liif<ulphate  ia  producod 
(ScJi.  8D). — Similar  roUktiona  are  cxIiihiLcd  Ijy  hydrothlotic  iicid  towards 
tlie  jjalphates  of  ammonia,  polaah.  and  soda,  and  by  eulpliurifl  acid  towards 
Bal-ammoDiac  aad  the  chlorides  of  potaasium  and  Budtum  (Ki(;litor, 
Stdchiometrie,  237). 

2.  fndiiipo»inff  a^nitt/  of  iiu  mlveni.  Aqueous  acetic  acid  odrled  to 
carbuiaate  of  putash  ditieiignges  carbonic  acid  and  forms  acetate  of  potuah. 
Gut  if  the  sniutiuii  I>q  evaporated  to  dryutsse,  tbo  remaiiiL&g  acetate  of 
potaah  diasolved  in  ali^ohoi,.  and  carbonic  neid  gas  piidsecl  through  tlia 
Bulutiun,  almost  nil  the  potassh  ie  thrown  down  in  Lhe  form  of  carbonata, 
and  the  lii^uld  contains  azotic  acitl  iu  cumbinatiun  with  alcohol  partly 
converted  into  acetic  ether  (Feluusc).  It  would  appear  from  tliiH-  that 
alcohol  baG  a  conR.idorablo  alBuity  for  acetic  acid,  which  affinity  totcetlicr 
with  that  of  carbouic  acid  for  putai^h  overcomes  the  greater  ulhiiity  of 
acetic  acid  for  potash,  Tbi«  result  is  usually  explained  according  to 
Bertbollet's  tUeory,  the  more  insoluble  and  coherent  eompouDda  being 
fiUppo^ed  to  be  most  easily  fonnetl,  and  accordingly  in  thiM  cast.-,  the  car- 
twRate  of  potash  which  ia  insoluble  in  alcoliol.  This  theory  ia  generally 
tviiorted  to  wben  it  dire<:tly  applifii^  and  passed  over  in  #ilcucc  in  ca.stii 
which  contcadic^t  it.  Why  docd  not  oarhonio  acid  throw  dowL  carbonate 
uf  lime  from  acetate  of  lime  diesiilTcd  in  water,  inoamucb  aa  carbonate  of 
lime  is  still  leEE  soluble  ia  water  than  carbonate  of  potaeh  is  in  alcoboll 
MoreoTer,  acconlinp  to  Pelouze,  corbutiic avid  does  not  decomi>ofle  chloride 
of  ^rontium,  chloride  of  calcium,  or  nitrate  of  copjier  dissolved  in  alcohol, 
although  the  carlhonates  of  utroutia,  lime,  and  oxide  of  copper  are  insoluble 
in  alcohol  aa  w«ll  ax  in  water.  Thia  instance  likewit«  ehows:  thatdiOieult 
fiolubility  iind  preat  cohesion  are  two  different  things;  otherwise  carbonate 
of  poLa'^li  would  be  at  the  Bunie  time  a  very  coherent  c^alt  (in  relation  to 
alcohol)  and  a  very  incoherent  oue  (in  rolatiou  to  water). — The  assertion 
of  Borthollet  (SUrti^m  Chiin.  1.  401)  that  a  m<jderatcly  dilute  eolntion  of 
chloride;  of  calcium  in  water,  doposites  sulphate  of  lime  when  mixed  with 
«ulphuroUd  acid  and  afterwards  with  alcohol,  ia  ouc  which  J  have  uot 
found  to  be  confirmed.  Krcn  a  solution  of  ehloriik  of  culeiinn  in  absolute 
alcohol  is  not  cenJered  turbjd  by  saturation  with  sulplmrous  acid  gss,  (Gm.) 

A  eolution  of  chloride  of  sodium  and  eulpbato  of  mugncaia  when 
evaporated  to  a  gentle  heat,  deposits  both  aalU*  io  crystals  without 
alleratioa.  But  if  the  residue  be  pulverized  and  boiled  in  alcobu],  tK& 
alcohol  according  to  Grotthus  (J^c/t^r.  lil.  273)  takes  up  rblorido  of 
magnesium,  aud  the  re,9i:due  therefore  contains  sulphate  of  soda  {Sck,  flO). 
The  boiling  must  however  be  continued  for  a  long  time,  and  the  quantity 
of  chloride  of  raagneaium  obtained  is  very  snidll  (H.  Ttoae).  Since  alcohol 
dissolves  chloride  of  sodium  and  snlphnte  of  magnesia  very  ajiariugly,  but 
chlorido  of  magnesium  v^ty  abundantly,  the  formation  of  the  last-named 
salt  may  bo  duo  to  the  predisposing  affinity  of  the  alcohyl  {qt  Vt',  W^-SNift 
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l^L^ln^i^tawji  kiil^  '  "  "         '^'^  " 

WUe  ^fbtr  af  nift  aad  cUn4*  af  akiM  AmIvW  !■  water  am 
MHlvcd  W  mCmI  Jeea^aaCM  iala  tMarifc  if  nCn  sad  piee^i- 
totojllfiihirf  fae,  ■aa^HMPMlstMsf  «mmb  alt  mad  Julpbsto 
«f  fine  uiwirfii  AttmUm,  m  a  falrvucA  ■isbne  af  1^  tv»  alti 
■  liHeiliw^ahige  laiililj  wa*g  aad  th«  feed,  yieWa  tfcloride 
of  eakn  vka  dMotad  ■  tnfa^  dnM.  wU»»  wdpfaie  soda  nuy 
WcxtnciedfiMihBTCndHbjvwlac  (&*  M^cahrtttatiag  Ck  l«r  Mg^.) 
Oalw  the  niztare  tt  tl»  tw«  idb  W  ■■iatond  -with,  vater  uhI  ihm 
4tMl.  BO  dloride  «f  caldaB  W  ertrartad  fraai  H  aU<obQl  (Dobe- 
vciaer,  OI<^.  1,  112).   Tlw  urefwag  of  the  alSiiity  is  |i«r^ui« 

prodacMl  hj  the  wivnM-  po«iliIy  bow«T«r,  as  Dohminer  sappoaea,  t£« 
alKflitj  of  ialph*t«  of  line  for  ralpbate  of  boAa  (a  combiratioa  Um 
two  aalla  occun  io  sitart  txiaiag  tW  ninml  v^JInl  Gbuiberit*,)  may 
caiia«  tfa«  fomutiM  «f  a  anJl  ^aaality  «f  ibe  dotthk  <aJt.  By  tnelting 
tbe  two  ealts  tof^ether  SB  eqoal  oaobcn  of  atoou,  we  ttbtain  a  hkrd  man, 
wblcli  h«%m««  »«ft  and  aftfrwsrdi  moi^I  hr  expoaoie  to  the  air,  anJ  ci>ii> 
Mqimtly  contaiu  a  mail  iiD&ntity  of  dilonde  of  nicium.  Tlifse  tn-o 
beta  aerre  t«  Aaw  how  it  uppeu  that  io  &saly»H  of  niioeral  watt^rs, 
whan  Um  naidoe  afWr  enpontioo  it  boiled  in  alcohol,  ehloridie  of  mas;- 
ntdma  or  «falorid«  of  catdnm  and  mlphate  of  aoda  an  freqaently  t>b< 
tainrd,  thoBgh  theae  sDhflLtnce^  trndoohtodlr  existed  in  Uie  water  aa  snl- 
jihatr  of  lime  or  magnesia  and  cliloHdc  n(  eodiom. 

If  I  part  of  carlwoate  of  potaab  be  disanlvcJ:  in  at  least  10  jwH>  at 
water,  ami  the  ^lutioa  ebakeo  ap  witb  lime,  the  carboitM  add  la  tivken 
np  by  the  lime:  'ff'itlj  4  part^  of  wat«r  however  no  deconipoBition  tnkpc 
placp:  "n  the  nmtrsirj,  a  otroD^  Eolation  of  caustic  polajih  takes  carbouic 
aciii  from  carlmnate  of  lime  (Liebig',  P^^^.  34,  SkU).  The  alBnitv  cf 
pntii«b  fur  rarbonic  acid  k  probably  greater  than  that  of  lime;  tut  when 
Ihn  ijunntily  'jf  water  is  incnfiuwd,  the  sISnity  of  thjit  liquid  for  potash 
|forhn.M  inc^CBM^tt  more  rapidly  than  i[8  nQinitv'  fn  carbonate  of  polodl^ 
and  tlioa  lh4  Srat-meDtioned  result  is  brmt;;ht  about. 

Ai^ueoufl  aal^boroue  aoi<[  diswlven  i<Kljnc,  forming  a  mixture  of  snl- 

tliuric  and  Iiydnodic  nciHv;  but  if  tie  i^uanlity  of  nuter  in  the  solution 
I- dintiniMb<*d  b^cvapomtion,  sulphurous  npid  ovolve^l  and  hydriodie 
[u*id  rdtilaining  iodine  in  »iolu(ion  is  left  hohiml.  Siaiiilnrly,  conceotnited 
milpliMnc-  atid  ttiid  hydnodSc  acid  nre  resiilved  into  .sulphurous  acid  and 
[odino  (SfA.  01).  item:*  the  affinity  of  vratcr  for  sulphuric  nod  bydrio- 
tlin  iu-ii(«  ffivaa  riae  to  thnr  foimation. 

1'hi^  follovlng  experiment  of  ChevTCul  aIao  shows  tlio  indnenoe  of  tb* 
■olvpnt,  Rxetma  of  wnter  itbstracta  Imlf  the  polaeh  from  noutTul  atearato 
at  piktuwh,  nod  form«  bi-filenratc  of  potash,  Ether  dissclvc-j;  stciiiric  acid 
from  nnitm)  Mtrarati'  iif  pntitsh.  mid  sepamtiPti  n.  cumpoiind  of  sImj-ic  acid 
with  I'tccMi  of  potash.  VViilvr  baa  a  more  capcoinl  affinity  for  pota^, 
nnd  dtlir'r  for  atnirio  iu;id. 

.'t,  Diftrcnce  of  tfviprrature  may  give  I'lao  to  reciprocal  afitnity  in 
two  waya; 

a.  At  hipU  tpmpcraturoa,  the  nffinity  of  beat  for  that  stilwtatire  »iin- 

R\f  or  romjiound  which  is  ninat  dinposeii  to  fomi  a  gaaeous  compound  with 
,  oArn  cvmr-i  'wiUt  piny  mid  ilrtfimiinrts  the  reanlt.    Hent^  In  «Qch  caws, 
ttctK  like  n  fnurtb  body  iiitrudueod. 

IVroilxJp  of  ■iintiji^auoao  mix«d  with  hydrochlfirio  acid  at  onlinnry  or 
l^btl/  elcvMtcd  tcnipemtorea,  glvvn  up  itjj  woond  atom  of  oxygi'u  tu  the 


RECIPBOCAL  AFFINITY. 


hydrogen  of  the  acid,  so  tbat  water,  chlorine,  and  cliioride  of  mangauees 
or  hydrncbloriite  of  protoxide  of  man^ncae  are  proflueerl.  (Sf'fi.  73,) 
If  on  the  other  hand  clilorine  gas  be  exposed  to  light  or  to  a  Tied  lieat  m 
coatact  with  water,  hydrochloric  acid  la  formed  atiJ  oxy^jen  gas  evolved. 
At  one  lime  therefore  oxygen  {in  peroxide  of  manganewe)  takes  bydrogen 
from  bj-drocliloric  acid,  setting  chlorine  free;  at  anullier,  chWriiif.'  tnkea 
liydrogen  from  water  aod  evolves  oxygen  gM,  We  may  wUh  probability 
fc"uppo§B  tbat  the  affinity  of  oxygen  fur  hydrogen  is  greiiter  Umn  tbat  of 
clilurine;  on  tliiB  hypotbesis  tbe  e:^p! dilation  of  the  first  case  is  evlJent. 
Oil  tbe  other  hand,  beat  Eias  a  greater  affinity  for  oxygen  tlmn  for  clilorine; 
for  clilorine  gaa  bas  been  lii[iiefied  by  strony  jireBsure,— wliicb  orygen  baa 
UQt.  When  therefore  boat  actH  wstli  yreat  intensity,  ila  ailinily  for  oxy- 
gen +  that  of  chlorine  for  hydrogen  eftccts  the  deoonipofjitioti  of  water. 

Potiiseiujii  at  a  red  bent  dccompoapB  blaifk  oxide  of  iron  forming 
potash  and  metallic  iron:  at  a  white  beat  on  tbe  contrary  pfttasb  \s  do- 
fompoaed  by  metallic  iroii,  the  produeta  being  hbick  oxide  of  iron  and 
vapour  of  potaeaiiuii.  In  this  case  it  must  be  supposed  that  the  afliiiity 
of  potassium  for  oxygen  ia  greater  than  tliat  of  iron;  nevertbelesSj  at  a 
white  heat  the  afKnity  of  heat  for  potassiunt,  with  which  it  comhiDea 
and  forma  a  vapour,  come^  iiit»  pl^y  "ud  deti:>nninee  the  rt!»iult. 

At  a-  red  heat  potadtiiutu  decunipoaes  carbonic  oxide,  forming  potash 
and  charcoal;  at  a  low  white  heat  charcoal  decompogcs  potaab,  producing 
cn.rbonic  oxide  gas  and  potiiseium  vapour.  (l>'c/i.  6,  iitbnlilulivg  K  for  Zn.^ 
In  tbe  latter  case,  the  wraVcr  rtffiuily  of  carbon  for  oxygen  is  aasitsted  by 
that  of  beat  for  earhonic  oxidu  and  potitst^iiim. 

When  potash  (ur  soda)  is  in  conibinntton  with  phospborio  acid,  l^oiaeio 
neid,  or  silica,  Bulphiiric  acid  will  separate  these  Buhutances  at  urdinarjr 
ternperaturea  and  combine  with  tlip  poiaab  by  virtue  of  its  greater  aih- 
nity-  If  on  tbe  contrary  sulphate  of  poUish  he  ignited  in  contact  wiiU 
phosphoric  aeid,  boracic  acid,  or  siUca,  tlie^e  acids  will  take  liuld  of  the 
potauh  and  aepamte  the  sulphuric  acid  in  the  state  of  vapour.  In  this 
case  it  ia  the  aflinity  of  boat  for  the  volatile  sulpbiiric  acid,  with  which  it 
forma  a  vapour,  tbat  enables  tlie  miicb  weaker  affinity  of  the  above-men- 
tiuned  acids  for  potash  to  gaip  the  mastery. 

When  carbonate  of  aTniiionia  is  added  to  an  acjiieous  solution  of  nitrate 
of  lime,  nitrate  of  ammonia  and  precipitated  carbonate  of  lime  are 
formed.  But  when  a  mixture  of  nitrate  of  ammnnin  and  carbonate  of 
liiue  is  heated  above  100°  C,  carbonate  of  ammonia  Tolatilizea  aud  nitrate 
of  litne  i-emaina.  {Bch.  92.)  Here  the  reault  is  determiued  hy  the  aHiuity 
of  h«at  for  the  volatile  carbonate  of  ammonia.  Similar  relations  are  ex- 
hibiLed  between,  carbonate  of  ammonia  and  chloride  of  calcium  in  tbe 
Cold,  nnd  hctwccu  sal-ammoniac  and  carbonate  of  lime  at  a  higher  teia- 
jjcmtnre.  For  a  similar  reason,  borate  of  ammonia  and  comtuon  ealt  act 
upon  each  othf  r  only  at  a  high  teiuperatnre,  evolving  isaUammoniac  in 
the  state  of  vapour. 

To  tbe  same  category  may  also  be  assigned  (he  following  facta,  ao  far 
aa  they  may  prove  to  be  correct.  When  stilpluiric  acid  acts  upon  zinc 
under  the  ordinary  preaaurG  of  the  atmosphere,  sulfdiato  of  sine  and 
hydrogen  gas  are  evolved  {S'-h.  I7)j  bat  according  to  Babinet  {Ann.  Ckim. 
/Vdjd).  37,  1S3;  also  r<><ni.  ''323)  Ibis  decompoaition  ceases  when  the 
process  ia  conducted  in  a  sLruug  copper  vessel  closed  by  a  atop  cockj  as 
jwon  as  the  disengaged  liydrogen  gas  baa  attained  a  certain  pressure;  ui 
10°  C,  the  decomposition  and  evolution  of  gaa  cease  when  the  gas  presses 
with  a  force  of  13  atmosphercsj  at        when  the  pressure  amo'aTA^s  \ft 
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atHiospLereq.  Tjii:9  seems  to  tkow  Uial  the  attiiiity  af  Einc  for  oxvffeu  -f 
lha.1  of  sulpburic  itcid  for  osidG  of  sine  ia  loss  tban  the;  affinity  Of  hydro- 
gen for  Diygen  —  tditt  of  sulgiburlc  acid  for  water,  ami  Llicrefure  the  lifr- 
ccimpoHition  doea  not  take  place  uoiier  strong  prcssiue; — ^but  at  lower 
pressures,  when  the  affinity  of  li*(it  for  liyilrogen,  with  which  it  fomis  a 
gas,  likewise  comcG  into  play,  the  action  gwea  oa.  On  the  cootruiy, 
Faraday  haa  observed  (<^ii.  J.  of  He.  3,  474)  that  sX  this  invrea^  prea- 
■un?,  tho  decoinpositian  \s  not  arrested  hut  merely  retarded,  hecaii^  the 
effervcscenco  ceases  und  with  it  thti  motion  of  (lit)  liquid,  by  n-hitih  tho 
chemical  action  ta  materially  aisaistcd.  I  have  also  obtained  tho  Tollow- 
iug  resulia  at  ii  flutmiii3r  htat  of  from  20'  to  30'  C.  (68'='  to  SU'  FKh.J, 
mmg  very  thiuk  and  narrow  glasii  tubes  .)  inches  in  length.  On  fiHio^ 
the  tubs  I  full  of  iiiuderaLely  stroug  hydrochloric  oold,  intrwtuciag  r 
piece  of  ziuc  just  ahove  the  iicid,  scaling  the  tuhe,  and  l;iyiiig  it  in  a  hori- 
tontul  pg.^ition,  it  burst  after  four  hours  with  a  violetit  cxpluiiion.  Nuw 
■iDCe  a  tube  gf  equal  streogtli  'i»  capable  ofbolding  litjuid  csrhobio  acid 
25°  C.  without  bursting,  and  tbe  elui^ticity  of  cai-hunic  a«id  at  tliAt  tc 
penture  aniounla  to  50  atmospheres,  that  of  tbe  hydrogen  gna  in  th 
experiment  just  described  muat  hare  exceeded  60  atmotjpherei^.  When 
a  similar  experiment  ia  modo  with  a  mixture  of  I  part  of  nil  of  vitriul 
and  S  of  water,  tho  tube  docd  not  burst  oven  whoti  liL'ft  iu  t!ie  Ikorizontal 
position  for  eoverat  weeka  and  placed  upright  e%-ery  d«y.  On  cutting  wiT 
the  end,  th&  gna  escapps  with  a  uli^Iit  detonation  without  bursting  thu 
tube,  and  the  acid  la  found  to  be  nearly  saturated  with  zinc.  Thie  wenu 
to  show  that  the  decooipositioa  is  not  arrested  by  strong  preaeurc  but  only 
retarded. 

The  following  experiment  (recorded  in  Bera^liiis'a  Lthhuth,  5,  9)  it 
also  connected  with  this  matter-  Whon  pieces  of  carbonate  of  liuie  ar> 
placed  in  a  strong  glass  vessel,  a  somewlmt  dilute  oQid  poured  upon  thctii, 
and  the  ves^t  closed  air'tii{'lit,  th«  solution  ceases  after  a  time,  Hud  tli4i 
lime  ia  no  longer  attacked  for  tt-hutever  length  of  time  it  may  he  left  la 
tho  acid;  hut  od  opening  tho  vesbol  tho  lime  \s  in  a  fuw  luinutM  comn 
pltitfily  disdolved.  From  thid  it  might  be  inferred  that  the  affinity  of  car- 
ootiie  acid  for  lime  ^renter  than  that  of  t^ulphuric,  bitric,  or  hydrochto* 
riti  arid,  that  thcac  ociihi  decompose  carbonate  of  lime  only  under  c»m 

En-rativcly  hmsM  prcBsure,  when  tho  action  ia  aeaiated  by  the  atfinit^ 
eat  for  Gorbcjiilo  acid  with  which  it  funns  a  ^skB, — thnt  at  strong  preasU" 
ou  tho  voutnu-y,  carbonio  aoid  wuuld  expel  thcso  aciits  From  their  oomV 
nationa  witli  liuie.  12.)    But  hydrochloric  aoid  uf  moderate  Btren^lii 

«khibit£  4  different  relation  from  thia,  at  lea^t  according  to  my  cxpor' 
inenta.  A  quantity  of  acid  like  that  ahove  mentioned  having  hven  oealnl 
np  in  a  tubo  together  with  au  eieess  of  culci<par,  the  tuba  laid  horiioD> 
tally  hut  turned  upright  every  day  in  oixler  to  renew  the  poinCa  of  too- 
tact,  the  liquid  wus  found  uftor  14  days  to  he  covered  with  n  highly  movo- 
ahlo  film  of  liquid  oarhonie  acid,  2  lines  in  tltirknoss.  On.  rutting  off  ibft 
point,  the  njificr  half  of  tho  tubo  burst  with  a  loud  report,  and  lb6 
rtvntntnitig  liuuid  wa«  neutral  to  1  i(inu»-papcr.  TbU  experimt-iit  ahow* 
that  hydrci-hliiric  aciJ  deCompofle*  carbonate  of  lime  e'en  under  a  prp^ 
■ure  at  wJiieh  earhoiiio  acid  heuomes  lii^uvd,  and  therefore  that  th* 
affinity  of  bydtocblorio  acid  for  lime  u  greater  than  that  oi  Mi^ooto 
■ctd. 

Laatly,  with  reference  to  thii^  aubjeet,  wo  may  mention  an  exporiuMii 
of  FotihoM  iJ.ffr.  VUm.  17,  4114),  aooording  t.'.  which  pulvoria&d  quarts 
hvalvit  tc  vliiteMH  ia  aa  ui>ea  vcwol  with  an  equal  weight  of  carboDat# 
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of  Liiu«i  expels  the  curbotijo  acid,  but  pioduoee  nc  eucb  effect  when  the 
mixture  ia  beated  in  a  MroDg  cIqwcI  iron  Y«Bsel,  In  tliia  ca«c,  it  iu&^ 
with  great  probability  be  eupposerl  tbat  the  affinity  of  silica  for  lime  is 
wcakef  tbaa  ttat  of  carbunic  acid,  and  tbat  (bo  foniiaticm  of  silicate  of 
lime  takoa  plac^  only  when  tba  nctiou  is  osj^icted  by  Iho  affinity  of  beat 
for  rairbonic  acid. 

b.  In  other  caws,  difference  of  temperature  appears  to  modify  tbs  re- 
sult in  coDS^quericc  of  the  i^obceioit  (ur  uflinityi)  of  bodies  inore&aiiig  iknd 
diminishing  in  differcut  Jegrocs  at  lower  and  higber  temperatores, — and 
bere  in  particular  Bertliollel's  law  regarding  tlie  decomposition  cf  salta 
by  double  aiiMaity  finds  its  ajiplicution. 

A  solution  of  common  suit  aud  eulpbata  uf  iimgiieisia  Qrapurated  at 
ordinary  ti?RiperaturG3,  or  a  little  above,  aliuwe  botb  salts  to  crjataUiEO 
oot  unaltered  (pun^  127};  but  at  0°  C,  or  at  lower  tcniperatures,  uis  wa» 
\ong  ago  (jbaerved  by  Scbeele,  bydrated  sulpLnte  of  soda  ciyslftlliKfa  out 
and  tb»  solution  rotaine.  ubioride  t>f  ma-gntsiuin ;  on.  jcf^ntly  waiting'  tbe 
wbo]e,  Ccimmoii  salt  and  sulpbute  of  magneHia  ht^  again  obtained.  But 
above  50"  C.  (122"  Fab. J  the  eolutiou  again  deposits  fiulpliato  of  6odla, 
though  in  the  anbydtoua  state.  {H.  Rose,  Poff<j.  35,  180.)  These  resulta 
may  be  explained  by  the  different  solubility  of  sulphate  of  soda  at  dif- 
ferent temjieratures:  at  0=*  C.  one  part  of  sulphate  of  soda  requires  8-9 
parts  of  water  to  dissolve  it,  at  33°  tbe  auialleat  quantity,  viz.  0"33,  and 
at  iO'-*"  again  0-38  parta.  Below  0"  and  above  50"  tbe  solubility  must 
be  coneidorably  lees,  Sinre  now,  according  to  Berlliollet's  law,  tbe  least 
soluble  salt  ia  always  produced,  eulphate  of  eoda  eeparatee  both  below  <)■* 
aud  above  50^,  be>i:au»u  at  these  eK-treiiies  of  tcnipcmturo  ita  solubility  3a 
less  than  that  of  common  eatt  or  sulphate  of  mngnciiiaj  at  medium  tem- 
peratures, on  tbe  contrary,  at  which  eul[)biite  of  Hoda  ia  more  Boluble  than 
common  $alt  or  aulpbati;  of  magnesia,  tbeso  salts  remain  unalterod. 

In  a  eiiqiiar  n]it.unor,  ^ulpbato  of  soda  and  chloride  of  potaasiom  dia- 
§otved  together  iu  water  rtisolytc  theingelves,  at  ordemtry  temperatures, 
into  sulphate  of  potuub  and  chloride  of  eodiutn,  whereas,  Hccordiug  to 
Habneraanu  and  Rictter  (A'toch.  2,  224)  a  solution  uf  tbo  Iftflt-nanicd  salts 
at — 20°  C  (  —  4°  Fab.)  deposit^  sulphate  of  soda.  At  ordinary  tempe- 
raturea  eulpbate^  of  potash,  at  low  temperatures  sulphate  of  soda  is  th& 
less  soluble  salt.  According  to  CunstautinS,  alutta  and  common  salt  yield 
crystals  of  Glauber's  salt  at  frccnibg  tem]jei-ature3,  and  according  to 
HaLnemaniJ,  Glaubers  salt  crystalliees  at  very  low  teinperaturca,  even 
from  a  mixture  of  saturated  solutions  of  gyjoum  and  common  ealt. 

Tbe  explanation  of  tbe  following  canes — by  enppoaing  a  dispropor- 
tionate alteration  of  coboeion  to  bo  produced  by  change  of  temperature — 
is  not  ^nite  eo  Batisfactory. 

Ad  aqueous  aoluliun  of  fiulpliatc  of  lime  givca  w  ith  cblorido  of  barium 
a  precipitate  of  eulphate  of  baryta,  while  chloride  uf  calcium  remain?  in 
solutiou.  (<S'M.  62.)  If,  on  the  other  hand,  chloride  of  calcium  be  fused 
with  sulphate  of  baryta,  a  niixture  uf  aulpliate  of  liuie  and  chloride  pf 
barium  is  formed,  tbe  latter  of  which  may  be  removed  by  rapidly  boiling 
the  powdered  iaa,eB  iu  water  and  filtering;  but  by  lunger  landing  under 
water  the  whole  would  again  bo  converted  into  Hulpbiito  of  baryta  and 
obloride  of  calcium.  Does  the  affinity  of  water  for  chloride  of  calclaiu 
contribute  to  this  result!) 

t^ulpbatc  of  baryta  is  decomposed  both  Ijy  fusion  with  carbonate  of 
soda  and  by  boiling  with  the  a'^ueoua  Bolution  of  that  salt  (tbougb  but 
imp^ifectly),  yielding  carbonate  of  baryta  and  eulpbate  of  aoda;  tlift 
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cMimry,  H  Kcilrcuter  liiu  ehown,  carbontit^  of  baryta  i»  deeonipoeed  hy 
riicHtlbn  with  aolphate  of  eoda  nt  ordinary  temperaturte,  tLe  ^roducU 
Wlnr  lolphfttt  of  baryta  and  carl^nnate  of  soda. 

A  dituto  iolntion  of  nitmte  at  lime  reniniii^  cXeax  n-tcn  mizecl  witU  a 
•alutittn  of  suJphate  of  eoiLv,  bat  deposits  eulphnte  of  lime  vlieti  wnnnedl, 
(Pvnoi.) 

A  Kiltition  of  alnm  does  not  become  turbid  when  mixed  with  very 
KRitlt  quantities  of  oarbonatf  of  lime  or  euda,  but  on  evaporalloo  at  a 
c#ntlo  lioat,  yicItU  crystals  of  cubic  a.\mn-  But  wbcn  more  etronely 
limlod^  the  flolutiou  becomcE  turbid  mid  deposits  basic  BulphBt«  of  wo- 
minik  wliipli  r(Mli»>:^<dvce  as  the  sulution  cools. 

A  tolutioti  uf  puro  acetate  of  iilittiiiiin  does  not  become  turliid  t>D 
liealing.  biit  iimlrrifue^  that  change  if  it  ronUiuH  suljiliutf  of  aiiitnouia, 
|MttHh|  hmIh,  or  magnesia  i  a  fuiiitET  turbidity  is  produced  by  tbo  addition 
nf  ■ttiitf  at  polHsk.  noDO  by  tbe  nddition  of  nitrate  or  ncetatc  of  baryta, 
vUmM*  of  <mlciaju,  or  ac9Ut«  of  lend.  The  precipita-t?  wbich  c«Tisi»t«  of 
ll^nil^  f}X  kluniBB  dinppear^  trh'en  tbe  fioluiioi]  is  cooled,  and  appcan 
WKim  im  bnntilu-  tO«y>Las»>r,  Ann.  7i,  i93,  also  Sckto,  5,  49; 

hHlM^  AtmTmm.  Pl^  6,  20J,  also  .^dur.  21,  9ft.) 

rNiia«l|ifcill      inm  mixt^  wiib  acetat«  of  potiLsb  deposits  bydrat«d 
M  tnMH  va  bK^itiar 

An  nqnemis  mixtoiv  of  Kirat«  of  foda  a.iid  ablpbate  of  mafnetia  yii^ 
im  apptimtion  of  h«at,  a  precipitate  of  borate  of  magnesia,  which  bo  VCTflfe 
iliMiTirM'Ars  eacli  time  oa  cooling'.  ^ 

McljUlic  ailvrr  takf^  oiygtti  from  pcrstilplinte  nf  iron  diseolved  il 
water,  wbcn  boi]<>d  in  the  lionid,  so  that  a  aoluliou  is  formed  coDtainiBg 
nulpbatfi  of  sitrer  and  proCo^ulphate  of  iron  ;  but  on  cooling,  all  the  silver 
ia  rtprecipitat^  in  ibe  metallic  ttate^  and  iho  solution  once  more  contsioa 
mlphato  of  peroxide  of  iron.  ySaH.  04.) 

In  many  other  cs^s  the  occumnce  of  reciprocal  affinity  ia  on! 
apparent. 

When  ammonia  is  added  to  neutral  solphate  ^nitrat«  or  bydroclil 
mte)  of  magnosia,  it  U  takeu  up  and  magnesia  precipitale<J ;  on  llie  otir 
tiand,  ina^rneEia  expels  aiiiniouia  fmm  the  neutral  gulphate  (nitrate 
bydrwliloralp)  of  ammonia  and  is  itself  diwjlved.  In  Mb  case*  bo 
eror  the  deeHnii]w>frition  is  ouly  half  complete,  in  wbalevur  excew  Ih* 
Mnmonin  or  niagnefin  nmy  be  »Jde«l,  In  tbe  first  case,  lialf  of  tb^  sul- 
phttto  i>f  magupsiit.  rcniB.ins  cindecomposeid  and  Doites  witb  Cbe  siilpbale  eS 
ftmmonia  in  tlio  foi-in  uf  a  double  «alt  contniniug  2  alonu  of  fuljibiiric 
■Old,  I  nkmi  of  itmtnonia,  and  I  nloiu  of  nngneaia;  in  tbe  second,  ludf  of 
Iba  Rinmonine.i1  palt  remains  ut^dc^o  in  posed,  and  fonna  tbe  sum  dooU* 
ratt  rilii  tbe  nulplinte  of  niii^TTiosia  prodaeed.  (Sck.  85  and  98.) 

Nitric  arid  added  to  cliloride  of  potassiiini  forms  nitimtc  of 
Mid  aeta  hydrochloric  acid  free ;  on  tite  otbcr  band,  nitiato  of  | 
Qoawrtvd  ny  qxcmi  of  hydn^ehlonc  acid  into  elilorido  of  potaanu__ 
affinity  of  |itr(»iwinm  for  oxycen  4-  that  of  cblorine  for  feydn^so  4- 
of  hitrie  neid  for  jiatiub  \s  undoubtf^dly  greater  than  ihe  tffiattjr  of  ~ 
■iiim  fi>r  elilorine  +  tlial  of  In-dropoa  for  onvgen  ;  aad  tbna  liw  firwt 
«iplain«  itoelf.  (Sf^k.  !i7,)    If;  on  ihecnnlrary,  nitrate  of  potaUi  ia  »« 
OOnvortod  by  bydmcblorie  acid  into  cbloridn  of  potNHiuiB,  a  gHH 
of  (he  arid  muit  be  u^ed  and  heal  be  applied:  taorooTOt  tW 
i         '  '  rio  add  doea  not  exprl  the  nrlrir  acid  in  iu  tiaalwod  Mm, 
ogrtittT  an  PMolvod  iato  hyponitrir  aeid  (N  0*).  eUoriae, 
fM«r.         9S.}   Thw  il  if  not  nithc  leid  but  the  maii  »e«kcr  h 
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nitric  acid  ttiat  is  drivpTi  nut  by  the  Iiydrochloric  ac\3.  Kitrio  acid  eepar 
zutee  ar&enioiis  ncid  frtym  an  jl<|iicous  fiolution  r>S  ar^nitt*'  of  pota!jb;  but 
■when  nitrate  of  potai'b  is  ignited  in  contact  with  nrsenious  aciil,  uitrotia 
scid  is  evolved  iiud  ar^QDiate  of  pota&b  formcJ.  In  thia  vase,  the  etroiiger 
nitric  itcid  K  t'onverled  by  Iobs  of  oiygcii  into  tbe  weaker  nitroiu  acid, 
"While  on  the  contrary,  tbe  weaker  aiBenious  acid  ia  ty  itrccss  of  oxygen 
coowrted  into  the  strungGr  nr^enic  Rcid.  Tbe  affinity  of  arsenious  acid 
for  oxygen  +  (bat  of  arsonic  acid  for  potash  overcoinea  tho  affinity  of 
nitroua  acid  for  oxygen  +  that     nitric  acid  for  potash.  (6'cA.  99.) 

The  existence  of  reciprocal  itf&mty  ba^  bof^n  inferred  from  the 
feet  that  certain  salts,  which  when  diasolved  in  a  smsill  f^uautity  of  wator 
dec&mpoao  one  another  by  double  atEnity.  prodncang  a  prcctpiinto  of  a 
difficultly  soluble  salt,  giro  no  precipitate  in  nior«  dilulo  solutions, — 
although  the  quantity  flf  water  present  would  not  aufficieiit  to  hold  in 
Bolution  the  less  eolunle  salt  which  may  be  produced  by  the  dccotnpoBitiojij 
if  it  existed  in  the  separate  state.  For  esample,  sulphate  of  lini-e  requires 
about  400  parts  of  water  to  dissolve  it;  but  chloride  of  calcium,  diBeolveJ 
in  abont  200  parts  of  water  (wEiicli  wonhl  produce  more  than  an  e(|ual 

nantity  of  nnJphate  cf  lime)  gives  no  precipitate  with  siil|)hat.e  of  potash. 

[any  clieiuistB  concEuiIe  from  this  that  when  this  large  qiiantity  of 
■water  ia  proscnt,  the  chforido  of  calcium  is  not  decomposed  by  the  sul- 

hate  of  potash,  since  if  sulphate  of  linie  were  formed,  more  than  half  of 
irould  be  precipitated.  But  it  is  simpler  to  suppose  that  the  formation 
bf  BDlpLatc  of  litne  takea  place  even  in  this  casei,  hut  that  the  presence  of 
the  chloride  of  potaffsiuni,  which  is  forracJ  at  the  eauie  time,  renders  it 
iHore  soluble  than  it -otherwiae  would  be.  Similarly,  it  was  long' einc& 
obaerved  by  Guyton-Morvenit  that  litnc-water  rendered  turbid  by  pa-ssing 
carhooic  acid  gas  through  it  beeomcs  clesr  again  on  the  addition  of 
sulphate  of  potash  or  chloride  of  putaasium,  as  if  the  pruscnco  of  these 
«Jta  rendered  the  carbonate  of  lime  more  soluble:  and  Kursten  {Hchri/f. 
d.  Beri,  A!tad,,  J84I)  has  shown  that  many  easily  soluble  sails  are  ren- 
dered more  soluble  by  the  addition  of  other  salts.  ThesQ  mutual  aOiuilies 
of  salts,  and  the  greater  solubility  iu  water  thereby  produced,  exptatti 
the  occurrence  of  carbonate  and  sulphate  of  lime,  carbonate  of  magnesia, 
in  mineral  waters,  in  quantities  greater  than  pure  water  could  dis- 
fiolvej  so  that  this  phenomenon  by  no  means  remters  it  Dcceaaary  to  sup- 
poao  that  eucEi  watera  contain  salts  which  are  incompatible  with  each 
ether,  i.  wliich  at  the  given  tcnipemtiire  would  decompose  ono  another 
and  form  a  precipitate,  if  (ho  quantity  of  water  present  were  smaller. 
Cfinp.  BerthoUet  {Siatifjue  C/tim.,  I,  103,  and  129);  Braudes  {ScAw.  43. 
153;  15,  433.) 

Many  other  facts  relating  to  the  theory  of  recipro«il  affinity  but 
recjuiring  more  accurate  investigation  may  he  found  in  lichcele  (Opvsc.  1, 
223):  Orotthtisa  (ScJter.  JV.  Bi.  '275):  N.  Fi.scher  {P'yy.  7,  2G3) :  Ber- 
tholiet  {Stalii/ur  C'fitm..  1,  81,  99,  100,  401)  and  I>u!oiig"{JMii.  CMm.  82, 
S73,  also  .'i'chw.  5,  3fi9).  In  the  experiments  of  the  hihl-uaiued  pbiloao- 
phcr  on  the  decomposition  of  iusolable  by  soluble  salts,  variation  of  tem- 
perature, which  might  have  produced  opposite  reaults,  doea  not  aefim  to 
have  been  ^^t^icientJy  attended  to. 

£.  Ciretimiianeea  and  ItesuKs  of  Decompoeition, 

a.  Cftange  oj  t&m-peralurt.  Since  heat  is  generally  set  free  in  tbe 
eombination  of  bodies,  an  equal  quantity  of  heat  muat  aleo  become  latQut 
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from  a  solid  [^.p.  falmimting  silver),  a  Jiijuid  (rhl(»pi<le  of  nitrogen)  or  a 
g»8  (osideof  ciilorine) — and  in  pndcuTCiiirtitgto  espaud  itself  inti>  the  mv-ch 
larger  volume  correspond irijL'  to  its  elasticity  (often  K'^-atly  ffitreaseJ  by 
rise  of  temperature)  forcibly  precFes  ba-ck  the  itir  and  nlher  n\>jer.tn,  fro- 
ducing  dctvaation  and  broakiiip  the  eolirl  bodiea  in  !ta  DflighlHiQ rhooJ. — - 
Even  giks^ouii  compnujinJs,  sucIj  as  oiide  of  chlorine,  may  be  depiimpijsed 
With  explosion,  if  tlie  separated  ek'ments,  sm-li  aa  elilcrrne  luid  osyj^u 
gaj^s,  takfi-  lip  a  larger  vulurae  tban  that  occBpied  by  the  compound. — 
Tlie  prudu(.'JioTi  of  Ijjirlit  wbich  flt."coinj.iaiiies  so  many  of  tlicso  explosiona 
oftoii  proceeds  from  thia  circumstanco,— that  ^vnt  hsat  is  developed 
in  tlie  decomposition  in  consequpnce  of  tbe  fnririation  of  more  intimate 
compounds,  as  in  tlio  explosion  of  gunjrowder,  detonatiHiy;  powder,  (tc,  and 
this  higher  temperature  imparta  t*  tJie  iraaCa  and  vnponrs  at  tlie  moment 
of  tbeir  prodoction  a  proporttonately  incrensed  clMticitv,  and  tliopeby 
Btreng-thcna  tbe  explosion.  Tii  the  cleconipoaition  of  oiide  of  t-hlorine, 
chloride  of  nitrogen,  iodido  of  nitrogen,  Ac,  which  appears  not  to  be 
atlooded  with  a  rise  of  temperature  ninountiTig  to  ignition,  Iho  develop- 
ment of  light  may  perhaps  be  expliiined  by  the  violent  compression  of  the 
air  uround  the  exploding  body.- — The  theory  of  the  detooatiou  of  Aa 
eiplnwve  miiture  propouncted  by  BrittDchon  (Hibt.  univ,  29,  390)  has 
been  showii  by  Gay-Lussa^  {Ann.  Chivi.  Phys.  20,  53)  to  he  URtenable. 
R.  B&tlger  has  also  shown  {Ann.  Phirm.  20,  75)  thnt  tbe  explosive  force 
of  fulminating  silver  \»  equally  strong  in  all  directions. 

When  several  liquid  pTnducts  result  from  a  deeom position,  they  form 
o  turbid  niixtare,  until  they  have  taken  up  the  detenu ittate  relativo  posr 
lions  eorrcsponding  to  their  different  specific  gravities: — Volatile  oil 
disBolved  in  tileohol  with  water, 

WLeu  in  tlie  decoitipoBition  of  a  liquid  or  gaaeoaa  body^  xalid  praduels 
Bze  formed  and  sink  to  the  bottom  in  eon.'^equence  of  their  greater  a^eeilic 
gTSTity,  they  arc  called  PrfcipUahf,  and  a.  decompoBitiun  of  thi«  kind  ia 
ca|]^Ki  Frecipitaiim, — Sponianfyns  Prwiipitaiijin,  [Pnvcipitatio  ipontanax) 
when  the  separation  of  the  solid  body  tnkes  place  merely  from  change  of 
tempcmltire  (pnge  113) ; — Forced  Precipitatii>n,  {Pi-Tcipilaiio  fdWi'/ft)  when 
it  Li  brought  Bpout  by  the  addition  of  another  ponderable  boity,  the 
Precipitant  (Pr^ipifnnit).  If  the  solid  product  of  decomposi lion  is 
specifically  lighter  than  tbe  liquid,  it  is  sepamled  fia  ii  Satm  {Crmor). — 
The  precipitate  and  the  scum  may  ho  either  educta  or  products. — Lima 
precipitate  from  lErac-water  by  alcohol  is  fin  educt;  oxalate  of  linio  pre- 
cipitated from  lime-water  by  oxalic  acid  is  a.  product. 

The  atoms  of  the  solid  product  of  dccompoaition  unite  themselves  at 
the  moment  of  their  separation  or  formation  into  larger  miisses,  which 
however  pOBse&B  various  niagnitudee  and  forms  depending  chiefly  on  the 
nature  of  the  bodies,  ko  that  to  a  certain  extent  the  nHtore  of  the  precipi- 
tate may  be  inferred  from  its  outward  nppeaniMce-:  considerable  influenco 
i»  howtvifir  exerted  by  the  time  in  whii-li  tbe  precipitation  tnltes  plar^  and 
the  degree  of  ditution  of  the  liquid,  The  following  forme  of  precipitateff 
may  be  particularly  distinguiahed, — and  of  these  the  first  two  must  be 
regarded  bm  a,DatphoU9,  the  others  as  cryHlallino:  Floecvfeni;  aggrega- 
tion in  large,  loose,  threadlike  maasefl^  alumina,  Uydmlcd  peroxide  of 
iron,  phopphatp  of  lime, — i.'vrdff;  \n  this  form  the  masses  are  etiU  larger 
and  more  dense  and  aolicK  but  still  uncryatalline;  chloride  of  silver  a§  it 
»8  precipitated  from  Bolutions  of  Bilver-Balt*  by  hydrochlorio  acid ;  casein 
a»  precipitated  from  milk  by  an  acid. — Pvhfnil^;  the  atoms  are  united 
in  small,  imperfectly  cryetalline  masses ;:  enlphateof  baryta  a«  precipitated 
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by  aulphoric  acid  from  solaiiotiE  of  hArytO-^te ;  ailrer  as  precipit«ted  hj 
pro to-s alpha te  of  iron  froin  Ditrat?  of  silver. — Granvlar;  conrseljr  pulvo- 
rolent  masses  haTing  &  uidre  distiiict  crystalline  characler:  Bolphate  o 
potash  Ks  preeipiliiUd  hy  salphoric  at'td  from  Aqueexis  aululiAD  of  CArhO'- 
Mb)  of  potash. — Arhcraa^nt;  ihe  nnion  of  a  grent  Dumber  of  individual 
crystals  into  larger  ramified  maseee :  metaliie  trefs. 


V.  MaGNITTDB  or  &TB£.\Gn  OF  APFtKIir. 

Th^r?  iquet  exist  a  relation  inexpieseible  in  aiiEal>cre  belwe«n  th» 
tuHgDituile  of  chemical  affinities  and  those  of  other  natural  forces,  ^iicli  as 
gravitation,  adhe^oD^  OT  Cohe^oii. 

AhtoliUt  are»git\  of  ajlnily. — A  AolntioD  of  nitre  «&tarated  vLiJe  warm 
de[K>«its  part  of  the  nitre  ,il  0'  on  aecount  of  increasing-  cohesion.  Now 
supposing  Tv-e  'were  to  dcterniLUe  what  euspended  weight  would  bs 
mi^uircd  to  hreak  a  rrvstal  of  nitre  of  a  given  thickness  at  0'^;  then  tbia 
weight  wonld  express  the  affiuity  of  the  water  eatarated  with  nitre  at  0* 
(or  more  nitre-,  for  after  the  crrstnJlization  at  0'  ha«  ceased,  thie  afliuity 
is  iu  eqjilibrio  with  the  cohesion.  A  ainiiUr  process  might  be  adopted 
with  other  bodies  eolable  in  water,  the  cuhcfrion  being  alwajs  detertnini^ 
with  reference  to  a  cxystal  of  gtren  thickness.  On  the  eatno  principlo 
Lavoiwer  aad  Laplace  proposed  to  bring  an  acid  of  v^rioua  degree!-  of 
itmnglli  into  cntitact  with  ice  at  diSereot  temperatarc*  below  0',  and  to 
«ni]UtrB  at  what  dp){Tce  of  cold  and  at  what  dilution  the  acid  ceased  tA 
©xert  any  solvent  powe^  on  the  ice,  and  coiiHcquentlT  ita  affinity  for  llia 
ice  beeaiup  cxaclW  (sjiial  iii  fotce  to  the  cohesion  of  lliat  suhatanec^-anJ 
tliiip>  to  r<Nliier  tha  nftinity  of  tbc  acid  for  the  ice,  at  ditlcrcat  jitntea  of  nva- 
rriitraiion,  ti>  decrees  of  the  thermometer.  A  similar  method  might  i« 
adopttid  with  varioaa  salts  and  ice:  since  for  example  eonintan  »alt  eoa«c« 
to  art  on  ioe  at  — 20'^C.,  bat  chloride  of  ca.lciuni  not  till  —60"',  t!r 
•flinitjr  of  th(i  [alter  for  water  niust  t>e  much  greater  than  that  of  t' 
former.  But  those  niothoils  only  enable  us  to  delenuine  the  w«ight« 
degroe*  of  t«ii4>oniturc  by  nhicli  the  weakest  aitd  least  important  affinities 
may  bn  vxprveawl.  All  affiuitioa  which  have  any  confridcrnble  valuo 
txomd  ibe  nim  of  oohosioa  to  such  a  degree,  thai  cvmparigon  between 
tliif  two  rower*  twcwmw  impossible, 

Knr  llir  prcMiivt  W9  must  content  ourselves  vith  an  approximate  dcloP* 
ininiitiiiii  (if  rrittJiv*  UrmiftX  of  a0imt^,  i,  r.,  of  the  pro]>ortion  which  indi.^ 
viduiil  inntcniliidc»  of  atKiiity  bear  to  one  another  withuut  reference  t« 
olbiT  imtitnil  furri-».  Perhaps  we  «hall  ^oiiio  dnv  be  nhtc  to  affix  a  oerlai 
mlativn  mitiiber  to  each  pivnicnUr  niagnitude  of  affinity;  nt  present,  how- 
•ror.  w«  nro  vuntentol  if  we  ■can  determine,  with  aoiue  degree  of  oortainty, 
in  what  unVr  the  affinities  of  dlfferrat  bodies  for  a  ^Toa  body  suoooed 
Olio  nnollior  w  ith  repir*!  to  their  »ttvDirth. 

I»  llin  affinity  luMwoen  two  botlie*  diOcrent  at  different  temp«nb> 
lurM  I  -Utnl  K"  licrtt  weakeiu  cohesion  by  striving  to  iocreoM  the  dis= 
tancA  luetwecn  liuniu^nttitia  ntoma,  m>  lUcewise  it  may  diminioh  Ih^ 
Wnoiglh  of  afUility  bv  iucronaing  the  dificn.-nce  betn'ecn  hetorogenco 
Uoma.  It  appear*,  bowevet,  (bat  as  long  a^  the  u-tion  of  beal 
not  go  HO  fur  aa  to  form  a  g%Muua  eoiti|>ound  wilh  om.''  of  th«  bodi 
—ill  whteh  oaw  it  would  act  likt;  a  Ibird  pondcmbto  body  in  itz 
IhK  Ihf  I'l.iiiliitiatifin, — it  doM  not  weaken  eheinioal  attmoUon,  prtJiafat 

wr>  ill  a  wiiiiliination  of  two  jwDderable  bodioit,  it  teada  to  insrMae  tb 

lAM  of  iho  coinpoimd  atom*  only,  not  of  the  luinplfl  oom  by  wb 
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iidIod  the  compound  atoms  are  forme*].  On  tUc  otb^r  htcaA,  it  tntglit  be 
inferred,  from  the  pbenomena  meniinned  on  page  3S  D,  tliat  elevation  of 
temperature  increnses  the  strength  of  affinity.  When,  for  examp^  sul- 
jihnr  combines  with  carbon  nt  il  r^d  heal,  wc  might  Eupposc  that  the 
affinity  between  the  two  budieg  ia  callcJ  into  action  by  this  temperattirc, 
or  at  lea£t  hei^^hteiied  in  eurli  a  degree  a^  to  be  abJe  to  overcome  the 
cobeaioD  uf  carbon;  but  m  that  caso  the  eutphuret  of  carbuit  oug^bt,  on 
cooH^ig,  vhcn  tbe  affinity  ie^  again  diminiebed  or  aimibilated  and  the  cohe- 
sion 01  the  carbon  increaged,  to  be  again  resolved  into  its  elements.  Such, 
howeverj  ig  not  the  case  eitber  wilb  this  or  with  any  other  of  the  more 
intiniHle  compounds,  :uid  therefore  the  afRnity  between  Hueh  bodies  exists 
evesi  in  tbe  cold, — and  heat  Joca  nut  develope  affinity  in  the  first  inijtaHce, 
but  ffivoars  the  exertion  of  it  in  a  manner  not  hitherto  explained.  At 
present,  theroforc,  there  is  no  ground  for  aiippositig'  tliat  the  affinity  be- 
tween two  bodies  is  diifcrent  at  different  temperatures.  If,  indeed,  v-a 
woubl  explain  DcjrthollctH  hiw  of  double  aflinity,  not  by  the  influence  of 
cohesion,  but  on  tlio  Giippoi^ltlon  tbut  out  of  a  nuiuher  of  p&esibio  com- 
pounds those  actually  formed  are  always  (be  most  intimate,  and  have 
iikewifie  the  smallest  rt^lntive  i^olubility  (page  125),  it  mi^lit.  perliaps,  hs 
neceaaaiy  to  asaumo,with  referenoe  to  the  reciprocal  affinity  between  com- 
mon salt  «od  Gulpbale  of  niu^aei^iu,  forexample  (page  127),  that  the  mag- 
jiitudes  of  tbe  affinities  arc  diflerpnt  at  different  temperatures. 

The  following  aro  the  pi  iiicipal  methods  wKicb  have  been  adopted  for 
the  determination  of  relative  magnitudea  of  affinity- 

A.  Differoucc  of  inagciitude  or  strength  of  aSiuity  ia  determined  by 
the  resultfl  of  conflict  or  opposition  of  aflinitiea,  on  the  principle  that  tbe 
decomposing  munt  be  atrongor  than  the  existing  or  qiue^cent  afBuities. 

a.  Decompositions  in  which  (he  AfinUi/  of  Heat  cou/yihut^s  io  the  RtiXilt. 

Many  ^'wnbinatio'Ue  cyf  ponderablo  aubalancea  are  decomposed  by  ele- 
vation of  temperature,  ono  of  tho  ponderable  elemcnta  combining  with 
beat  and  forming  a  gaseoos  compound.  Tbe  affinity  of  beat  fot  ponder- 
able bodies  must  be  supposed  to  incrcaee  with  tb&  quantity  in  which  it  is 
accumulated,  and  therefore  with  the  temperature;  conecquciitly,  the  tern- 
pentturo  retjuited  to  decompose  a  compound  of  a  lees  volatile  with  &  mora 
volatile  body  will  increOiSD  with  tho  affinity  between  tbe  two.  According 
to  this,  the  strength  or  magnitude  of  the  affinity  may  perhaps  be  found 
from  the  temperature  required  to  effect  the  decouipoaition  ; — the  boiling 
point  of  tbe  move  volatile  element  muat,  however,  be  likewise  taken  iut<j 
coueiderution. 

Iron  pyrites,  FeS",  when  raiaed  to  a  moderate  red  beat,  which  may 
be  eettmiiteil  at  about  500"  C,  gives  ofl'  vapour  of  eulpbur,  and  is  con- 
verted into  F e'  S" ;  at  a  stronger  red  beat  (perhaps  =  H<JO'°),  a  still  creator 

3 oanlit^  of  sulphur  sublimes,  and  Fe  S  remains  behind.  Taking  Dumaa' 
ctcmnnntion  of  tho  boiling  point  of  sulphur,  vis.,  i-lO",  and  supposing 
the  higher  degrees  of  temperature  (a  more  accurate  determination  of 
which  would,  however,  he  deeitable)  to  bo  correct,  the  affinity  of  FeS 
for  the  qnaiitity  of  sulphur  required  to  produce  Fe"  S^  may  be  expreaaod 
by  8IW  —  440  =  360,  and  that  of  Fc'  S"  for  as  much  Hulpbur  aa  will  pro- 
duce Fe  S',  by  oOO  —  440  =  60.  Sulphuret  of  gold,  A  u  S^  parts  with  alt 
its  snlpbiir,  perhaps  at  about  450°;  if  eo,  tbe  affinity  of  gold  for  enlphiir 
will  be  ospreased  by  4'»(l  —  440  =  10.  But  few  of  the  other  metuUio 
aiilplmrcts  are  decomposed  by  heatj  whence  we  may  conclude  that  the 
numbet  which  would  express  tbe  affinity  of  these  nintala  for  fiulphnr  is 
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:  Um  mmhtr  dI  dejfrMa  of  fAtnperature  vliich  tb&  fiolphnrpts 
tear  without  .|Motnp<»itionfflim«a  4iO',  In  a  similar  mtinnsT  inigbi  be 
Jdenninrd  th"  aflinitjr  of  iodint*,  bromine,  and  chlorine  for  tie  ftrw  mcCaJg 
from  which  tUvy  can  lip  B«pii,iji(eit  by  heat,  provided  the  traperatairs  aX 
whiub  tijo  'lt,'corii|K)*itii.iiw  titko  pUwo  tould  be  more  accurately  delermintd : 
jwlikvoiffo  nii^jbl  1)"  rstiinatT-d  the  alHnjity  of  nierrurv  and  annnio  for 
CBrtliin  odicr  mdnl",  "f  ixminonia  for  the  more  Used  acid!,  such  M  thtt 
borncic  and  |iliri!i|ihono  K<-id»,  utd  thM  of  carbooic  acid  for  nioex  talrSablA 
\man.  Thr  grwitrr  number  of  bun  pajt  with  their  combined  carhonift 
Bptd  «l  It  low  red  bmht.  Km  u  ft  ^■iawbat  lugfapr  (emperBtnre,  slroDlf* 
m  »  ftiU  ki{tWer.  Wrrte  !■  A*  fcM^tuI  wind-fum^w,  potub  and 
mit  not  It  aU.  Aww^ajlr.  At  b««  twv  buH  tnast  bare  tbe  etrongcat 
■■aftj  fnr  mttiwr  ii«  fcrt  ^  Inse,  baryta,  aod  stronti* 

t^Mf  <H^««M  anil         Am  wftM  *  Mndenhb  quantity  of  wat«>r  ig 
ynsMk         W  Wffc^rf  tjMjgytw  affiDitTof  wat«r  for  cai^ri^ 
M4k  stoiito  if  CBpper  L?  de<»)rapoBed  at  a  In-iri?r 

t^^^  iikM»  «  Ahk.  «Aw  il  Mm  that  the  latter  oxide  has  th« 
^g^^^^g^t^w^ittmL  tMthr,  aUMe  bmuit  oxidixed  ronipoundi^ 
■■ft  mwmmStt^^iKmattt^  «Ah^k  acM,  utioionic  Hcid>  and  snenio 
^^^tg^  ymm  «f  1^9*  "  *  tompvratare,  and  the  nobis 
^^l^^l^vft^if  ^MiaBHOwetNDpoaQda  of  hydro^n  with 

mi  ikmm  of  otliQ^gcD  with  eblorino  and 
tfymtany, — (he  affinities  by  whiek 

 w  WMT  b*  Hi  Ifikrf  comparnttvely  dettr- 

H  W  Mi^gsed  10  Ibem,  Wauj^  the  boil- 
o4  w^ig^tt  ate  aakaomm.  Tbia  method 
Jwww  doser  naiaiiution. 

JMw  or*  oIm*  MHMinMii 

V'OT  M  Ikal  tk»  cawMmd  A  B  is  d<>roTn- 
atX  C  aaJ  tkal  «ltt^  tke  rompound  A  C 
«f  A     A«M  «v  eondodA  that  A  bu 
gi.  ^  Ml  ffr  C,  aaJ  iIm  mul&m  tot  B.  ta 
^         Wfc  i»if<ci  to  an  tfca  vohiUaNa  with 
K  fwa  A  at  tte  besi^,  and  Maw  tl 
^  vtt  iL  b      <l^)er  in  whicb  tbirir 
^  illFn  ^/y  of  A.   And  if 
tv4nf.  niBpla  and  compouBd. 
  all  ihcM  «olaiBu  iBiwafaHml 

BUM  Uabaw^  .Marbtrrr,  De  Koarcy, 

^^l^^^^^fc^  itnif'-'^TriT  !    CkrWt*  af 
'  fiakb  fcw*wMBwli  of  IfaM  tad  ear- 


4f  KImT  IK  Mavnl  hf  n^arie  add  into 
'    taiftailM*  VM  aulie  add  n  adM 

wMifc  iTaliiBrffaaiatoiiiJewiW 
V_  —  ia  lb*  «alfr.   H*m  im  Ifca  colm 

iiCM^  Mi^Qttic,     FroiB  aa 

^  aklirKliitau*  (b*  ahmlaa, 

^       i>  iwarttw  br  Hb*  kte  «at- 
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pbste  of  lime  amt  free  ftmrnonia;  the  Bnlpliato  of  lime  treated  with  Bohition 
nf  potaph  ia  reaolvedl  into  eiilplialo  of  potaali  and  frp-p  linip;  n-nil,  lastly, 
tlio  a(|iie<ia8  solution  of  sulphate  of  potash  givoe  with  baryia-wator  a  pre- 
cipitate of  snlpbato  of  har^ta,  while  free  potash  reraaiiiB  in  eolntion. 
Consoquently  in  the  eulpUunc  acid  columa,  the  four  biases  here  comiclered 
wvaM  Btand  in  tho  order:  barjto.,  potash,  lime,  ammoiitB-,  alumina. 

Simple  and  aure  aa  this  niethoil  may  appear,  and  well  lis  it  may  be 
a^&pted  to  furnish  arailable  malerials  for  tlje  dctermiDation  of  retntire 
magnitudes  »f  affinity,  it  is  still  fsr  from  being  qn exceptionable,  and 
demamis  the  g^rea.test  caution  in  its  application.  The  influence  ef  cobe^tion, 
elasticity,  and  tlie  affinity  of  tlie  aolvent,  are  especially  descrring  of 
the  most  careful  attetilioit.  ^nr  exa.mp]^,  that  oxalic  acid  added  to  an 
a<jneous  solution  of  eulphatc  of  lime  prccipi tntea  oxalate  of  limo,  might  be 
explained  on  the  hypothesis  that  the  cohesion  of  the  latter  salt  is  greater 
than  that  of  tho  former;  and  that  at  the  snnie  time  the  affinity  of  water 
for  sulphuric  aeid  iin  grenter  than  for  oxalic  acid;  if  Buch  bo  the  case,  the 
affinity  of  suiplmrie  aeid  for  limo  may  etill  be  greater  than  that  of 
oxalic  acid.  It  has  also  been  suggested  that  hydrochloric  aeid  may 
expel  carbonic  acid  from  carbonate  of  lime,  not  in  conac<ju?nce  of  gre-ater 
affinity,  hut  because  carlnonic  acid  is  more  el^istio  i.  f.,.  lias  greater  affinity 
for  beat  than  hydrochlorie  acid  ha* ;  but  thin  supposition  i^  negatived 
by  the  experiment  described  on  }>age  130,  in  which  the  deconjpoEiCion 
wna  found  to  take  place  under  a  preseuro  sutficienl  to  litjujfy  the  car- 
bonic acid  set  free.  Again  it  has  been  eJiOwh  (p.  123)  that  e.  ff.,  boracic 
acid  decomposea  sulphate  of  soda  at  a  red  heat,  whilst  the  opposite 
effect  takea  place  in  the  cold.  Generally,  tihe  various  cases  of  reciprocal 
affinity  (page  125  „  .  .  .  333)  ahow  that  it  is  important  to  examine  the 
action  of  bodies  under  variously  altered  circumatances,  and  in  drawing 
concluaiona  respecting  magnitude  of  affimity  from  decompositions  which 
reault  from  (jimple  aflinity,  never  te  neglect  tho  circumetaDccs  n'hicb, 
as  ■was  sbowTi  in  discussing  the  theory  of  reciprocal  affinity,  may  invert 
the  result  and  enable  tho  weaker  affinity  to  gain  the  victory.  One  of 
these  ci  ream  stances,  viz.,  difference  of  teniperattire,  waa  long  ago  noticed 
by  Bergman,  In  his  tnble^  the  AJ!nit/ilrs  ehdivm  via  humida  aro 
distinguished  frora  those  mrt  sicca,  accordingly  aM  the  docompositioDS 
take  place  at  ordintiry  temperatures  or  at  a  red  heat.  This  mode  of 
distinction  is  not  indeed  unexceptionable)  since  oppoeito  results  often  take 

Klace  at  different  degrees  of  incandescence;  thufl,  for  example,  at  a  red 
eat  potHBsium  laJses  oxygen  from  iron,  while  at  a  white  heat  iron  takes 
oxygen  from  pota-ssium,  At  the  eanio  timo  euch  diBtinctione  oblige  tis  to 
admit  that  tables  of  affinity  do  not  always  give  the  relative  magnitudee 
of  that  force,  but  merely  the  results  of  decompoeitton  under  certain  cir- 
ouraelanccs;  hence  these  tables  are  by  many  ehemists  called  Tablet  of 
J^reeipHation,  or  more  correctly,  TafAet  nf  Dccomjjotilion. 

It  must  also  Bot  be  fori^otten  that  a  body  0  sometimes:  takes  from  the 
body  B  only  a  part  of  the  body  A.  When  soda  precipitates  oxide  of 
lend  from  a  solution  of  chloride  of  lead  in  water — whicL  may  be  regarded 
03  hydrocblofftte  of  oride  of  tead — this  does  not  eractly  prove  that  the 
affinity  of  soda  for  hydrochloric  acid  is  greater  than  that  of  oxide  of  lead; 
for  the  precipitate  is  a  compound  of  4  atoms  of  oxide  of  lead  with  one 
atom  of  hydrochloric  acid;  and  the  wime  compound  ie  on  the  other  hand 
prodnced,  with  separation  of  aoda,  when  oxide  of  lead  in  excess  in  di- 
gested with  a  solutioa  of  hydrocblontte  of  soda.  From  this  it  follows 
that  4  atoms  of  oxide  of  lend  have  a  greoter  affinity  for  1  atom  of  byd^a~ 
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cblonc  ACid  than  I  atom  of  sqUa  haa;  lint  tb&t  1  atom  of  goita  has  a  greater 
nffluity  for  liyiirocliloiic  acid  tLan  I  atom  of  oxide  of  Ic-id,  and  coii^c- 
uuently  abatractB  from  tbo  tatter  J  of  tho  acid  with  which  it  is  couiliiueil. 
Heuco,  ill  precipitutiims  of  thie  kind,  it  mast  be  carefully  lexamint-il 
whcthf?r  tlie  pn?ci|iitatt«  cdnialns  tbe  eubetntiM  G  io  a  state  of  purity  or 
atill  in  conilMDation  with  part  of  tli«  body  A. 

IjLatiy,  i>n  bringing  tu^cber  A  B  and  C,  we  very  often  abtoin,  not  AC 
nod  B,  but  A  C  aiid  B  C,  If,  for  pxaieiplc,  io  order  to  determine  vbetlii^r 
arhcnii!  or  sulphur  haa  the  greater  aHinity  for  osygeoj  wc  h^t  top-tlurr 
arsoniotis  acid  md  »ulpbitr,  we  obtain  indeed  eulphuruus  iu^id,  bul  ibi- 
H>pnrnti'd  ai'sieuic  coiublaes  with  another  portion  of  the  i^ulpliur  and 
fonna  ^ul^burvt  of  arsenic  (Sf/t.  100).  lu  this  case  wc  catinot  conclude 
that  oxygon  has  n  ^^&(rr  a&iuity  for  Hulphur  tLaa  fur  arsenic,  but  ouJv 
that  ibc  affinity  of  i^ulphur  for  oxy^n  +  that  of  salphur  for  arsenic  is 
{Tivalpr  than  that  of  arsenic  for  oxv,i!«»; — the  atHnity  of  bfat  for  flul- 
pbiir<i»s  acid  niuiil  lilccwLi?'e  l>e  tak'en  idCo  arcount. 

fi.  hy  JJouifU  AJinitp.  GuTton-MorvfftD  sapposed  that  w}i6n  two  sail-* 
dooompoM  one  luiotber,  the  sam  of  the  twO'  decomposing  affinities  must  be 
|[rM>l«r  than  that  of  tlio  two  quiescent  atEnitiw.  According  to  the  d<'' 
ccuipoeitioos  which  the  »)ts  of  certain  acid^  and  haaes  exhibit  on<^  witli 
Anntlicr.  he  ondenvoured  to  afsi^  sach  maKnitudee  to  their  aflinitieis  that 
cali'ulalioit  should  a^ree  with  observed  reaulte.  Ho  thus  found  by  trial 
thn  ftdlowiug  iiumbrr^: — 
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Acrorvtini;  to  l>i»  taM<\  rolidutc  of  sodi  ud  hydrodilonte  of  borjrta 
wuri  ilrtN^mi'-v'^^  Mob  ..ibcr.  bcrmwn  M  +  31  (=97)  is  grmter  than 
AS  I  —  i'^);  Miuilarly  witik  <mrboaal«  of  po(a»h  and  acetate  of  Ujdi>, 

irturo  IS  +  *(>  >  19  +  »  oa.    Dot  IB  many  gmm  in  which  de- 

wmpo^ttiiw  t*lfM  l^l*"'  the  rame  are  e<qiwl ;  <.  y.,  with  ■nlphat*  of 
p«tA#h  and  nitmte  .^f  barvi*  (CT  +  «t  =  W  +  and  willimilpha*f«f 
[nlMl,  anJ  Vrlroc^lonM  of  Wy1»  rtJ  +  W  =  «6  +  3t>.  In  uihm 
Qi«  t«m  ot  latMt  IB  tvm  gmter  than  that  of  th*  aepwuiaj  dBoUies 
n  thai  Hie  rttVulsMoB  dirortlv  onntiWirts  Um  erpMi^Mitai  »Mlt; 
In  Ae  '^"^  """^  saiphal*  of»«d»r«*  +  S8>40  + 

M  1  V  f»A^  of  »hh*gfc  aOwdrt**  *t«M  lyl  t^, 

•ewv  I  ,      s.oaH  t»'wi>>w»PwM>  H  iIIliiiiI  to  wotifr  iW  pw 
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doable  affinity, — since  ttiese  reisiilu  depend,  not  alone  on  the  auni  of  the 
niagnitn^Iee  ol  affinityj  but  ulao  on  coheeioD,  temperature,  and  the  Datiire 
iif  the  solvent. 

B.  Atlenipti^  Lave  been,  made  to  determine  the  relative  streugth  of 
nlBDity  of  two  bodies  from  their  force  of  adhetiion.  Giiyton-Morveau  re- 
^rded  lulhesion  ae  a  coniinvneiiig  n&inity;  aupposing  tliiit  heterogeneona 
[•  u hslanccij'  attract  each  otLcr  in  mogges  before  the  attrnction  between  their 
individual  atonia  come?  into  play  and  fomia  chemical  ccinipoanda.  The 
greater  therefore  the  affinity  between  two  bodies,  tlie  greater  ehimid  atso 
be  their  adheaion,  and  the  Diaj;;aitude  uf  the  former  should  also  be  deter- 
minable fram  that  of  the  latter,  Morvean  suspended  a  metal  disc  one 
incb  in  diameter  from  cue  of  the  arms  of  a  bulance,  and  coimteriirjised  it 
by  weijihta  in  tlic  oppoaite  scale ;  he  then  placed  under  the  disc  a  glntt^ 
tilled  with  inercurj,  so  that  the  earface  of  tlio  mercury  just  camo  in  con- 
tact with  the  lower  surface  of  the  dine, — and  asceftuined  what  additional 
weight  required  to  be  laid  in  the  opposite  scale-pan  in  order  to  separate 
the  diae  from  the  mercury.  In  this  manner  he  found  that  the  following 
weights  were  nocesfiary:  gold  446  grains,  BiWcr  42f>,  tin  418,  lead  397, 
bismuth  372,  zinc  204,  cupper  142,  antimony  il2&,  iron  l\5,  cobalt  8. 
Tliis  is  almost  exactly  the  order  of  facility  in  which  these  metalfi  combine 
with  mercury,  and  ho  far  experiments  appear  to  accord  with  the  preceding 
view.  But  it  has  nut  yet  been  ahown  that  the  magnltudea  of  adlicsLoii 
tind  affinity  are  in  direct  proportion  one  to  the  other.  Although  the 
affinity  of  sulphur  for  mercury  ia  much  greater  than  that  of  eitlier  of  the 
metals  just  named,  istill  a  disc  of  sulphur  would  adhere  to  it  with  far  Iabs 
force  than  either  gf  the  metallic  discs  did.  Moreover,  the  fact  of  mcr- 
etiry  combining  with  gold  more  easily  than  with  z.iuc  docs  not  show  that 
gold  haa  the  greater  affinity  for  the  mercury:  for  facility  of  eonibination 
18  one  thiug,  intimacy  another.  Besides,  Morveau's  mclliod  docs  not  j^ive 
even  the  force  of  adhet^ion;  for  a  certain  quantity  of  mercury  remaina 
attached  to  the  platen,  and  on  separation  the  mercury  itself  is  torn  asuudor, 
and  the  force  determined  ia  in  reality  its  cohesion.  Finally  both  on 
this  gTouud,  and  because  many  aubstuncea  on  coming  in  contact  imme- 
diately enter  into  chemical  combination, — and  the  film  of  the  new  com- 
[Kiund  of  the  two  bodies  whose  adhesion  is  to  be  measured  is  really  that 
which  sulferd  disruption, — an  exact  determination  of  the  force  of  adliesiou 
in  the  most  numerous  ,iud  important  caaca  ia  impossible. 

C.  The  strength  of  nifiuity  is  somctimea  estimated  by  the  time  in 
which  combination  tulcea  place.  Wenael  {Vo7i  der  Verwandtfrhaft,  p. 
2S)  exposed  metal  cylinders  of  equal  height  and  diameter,  and  covered 
all  over,  with  tlio  exception  of  one  of  the  terminal  surfaces,  with  varnish 
— to  the  action  of  different  acids  at  the  same  temperature  and  for  equal 
intervals  of  Lime,  and  eiitimated  the  force  nf  affinity  by  the  quantity  of 
metal  dissolved.  These  experiments  however  prove  nothing,  firat  bccauae 
in  the  solution  of  metals  in  acids  various  affinities  come  into  play,  via., 
the  affinity  of  the  metal  for  oiygen,  which  had  to  bo  taken  sometimes 
from  the  acid  sometimes  from  the  water, — ibflt  of  the  oxide  of  the  metal 
for  the  aoid — and  that  of  the  salt  for  water;  secondly,  because  Wcnzel 
sometimes  used  concentrated,  eometiinos  dilute  acids,  ticeording  to  the  con- 
dttioD  of  the  metal— and  tbirdly,  because  a  given  surface  of  (liftereut  me- 
tals expoaea  a  dilferent  number  of  atoms  to  the  action  of  a  aolvcut,  accord- 
ing to  the  atomic  weij^bts  and  deuisitics  of  the  metala.  liut  even  experi- 
ments in  which  tbejfe  sources  of  error  were  eliminated  would  lead  to 
nothing,  beetkuse  the  important  influencQ  wliieh  cobesion,  specific  gravity, 
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MdiM  kD  other  buM  uJ 
^   TW  kw  ban  muifwtsd 
•r  vkidi  the  wJlvat  qnurtl- 
»tkin|  My— ud  vhieh  dimld  tiMrefere 
W  Oat  tcdy-  -w  «(f«tBt«d  by  Utoae  vhieb 
tW         body     gfBler  fupuitiwi.  ud  ■honid  tfanrforc 
itm  ifcilj  fcir  it— it  «x]4uMd  ij  BertboUel  horn  the  inflnenoe  of 
^kmm  *ad  dMtictlj.    Aeeordn^  to  tbM  f>tulMo|)b«t  ammonia  haa, 
^      Ite  Wm  «MMna«d,  Iks  grtmXeM  affinity  fur  sulpharic  tteid, 

Sm'gtm^  bve  of  w^ek  tl«  iMinif  quBtitr  u  reqniro'l  lo  noiitrit]i»<^ 
Ail  acid:  ibst  il  tbdaU  bov^r^r  be  Kipanted  ^tqib  nlphum  acid  Ly  idl 

tb«  b^bly  ^lutif  Mibirtuu  imrbonto  acid,  wbicfa  of  sll 
.  tbe  fnmttM  amotty  for  lime,  ia  wparated  from  that  Iiam  by 
tidlllMliif  ■  '  (tbe  inoorrM-tnMs  of  this  «x]>lnnBtion  is  manifesL  from  ' 
l^g^nMiBtat deanibed p.  1301  That  baryta  sbouM  tak«  sulphuric  arJd 
^  olWr  baa«v  altboog-b  scconlicig  to  Bcrthollct'e  view  il»  aflSnity 
^  aiut  be  tbe  small w^t,  is  explained  by  the  great  coheiioo  of 
^fagyta;  an<]  that  potaak  ebomd  separate  lime  and  ma^naiia  b 
I^Mt^  to  nafllt  frDin  the  gr«at  cohesion  of  ihoee  eartLs,  &c.  It  ta  ocr* 
jal  »(^tiiy  ol  r?niark  tbnt  ^hen  tin  acid  it  broujiht  in  contact  vitii 
tva  sliiabf«  b*s«,  the  least  sobibl*  body  is  nlwuve  olifftinwl:  if  oDt 
toloblft  than  another,  it  is  fonoeJ;  if  oao  baw  in  Iocs  xiluMt 
,1^,  anotbfr.  il  pfwipitated.  Thus  Wryta  t»l(«s  rmljiliiiric  acict  from 
^foatia  »od  forma  with  Et  au  insoluble  wtlt;  irtniotin  withdniwN  aulpfaune 
M^ftora  potaab.  »nd  potasli  from  eoda. — aulpbate  of  *itri.Dlr*  bein^  lew 
Tai,  I lAato  of  potaeh,  und  suiplmlo  of  potitBli  than  aulphato  of 

Soda  tab.rs  liitio  from  siilpJturic  acid,  and  llio  lime  which  s*parat«a 
"It  Wat  aoJubltf  ^8'*^'*  ^ulplmHr  acid  frt-m  ma^nam,  and 

■  ■jTir  I—  -"'-bU'tban  Iimo.    Aminnrmi  f.>nna  m  •saMCiaBi 

fSTBD  aolpiuri'^  Mi-J  t..  limr,  [.net  tl,o  lim.?  in  thoreby  o«iinin«a  Into 
i/IJw  i^InWo  Buti-lmw  of  Uiu«.    Whtu  a  ba«  come,  in  coDlwt  irilh 
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two  acl^a,  the  SaniC  effect  often  tukeA  pIu<!Q;  ^olpliste  of  baiyta  ia  lew 
flnliible  than  nitrate,  and  ihU  than  h yd roclil urate  of  baryta,  &c.  But  on 
tht!  otliet  baud,  the  almost  maoluLle  suljpiiite  ami  carhonale  of  baiyta  ara 
decompoaod  hj  nitric  acid. 

Berjjman  deduced  from  hia  analyses  of  varioua  salt*  the  two  fotlowing 
lawa  which  ure  dirQctty  opposed  to  Bonhollet's  theory;  (1.)  An  uoid  hoa 
the  greatest  affinity  for  that  haee  of  which  it  takes  up  the  greatest  qusn- 
tily.  (i.)  A  haee  has  likewiee  the  greatest  affinity  for  that  acid  of  wliiob 
ihe  greatest  quaiitity  i:^  required  to  neutralize  the  h&se. 

Kirwan,  from  the  results  of  hig  own  analyeea  of  anlts,  adopted  the 
first  of  Berginian'ji  lawe;  but  with  respect  to  the  affinity  of  a  biLse  for 
idifibrcnt  acids,  he  on  the  contrary  taut  down  the  law,  tliAt  a  bn^e  Las  tliQ 
greatest  affinity  fur  that  acid  of  which  it  takes  up  the  smallest  quautity. 

All  theae  laws  could  only  have  acquirod  au  appearance  of  ralidity 
from  the  Fact,  that  but  a  ii.mall  uumber  of  acid^  and  b»aea  wera  examined 
in  r^latiuti  to  tlicm,  and  moreover  in  an  iuaccurate  manner.  Adopting 
the  more  exact  quantitative  relationa  at  present  known,  and  placing  all 
the  salifiable  baaea, — iucludiog  iho^e  of  the  heavy  metallic  oxides — in  the 
sulphuric  ft«id  colunin,  and  all  the  octds  in  the  lime  column,  it  will  be 
plainly  seen  that  decutn position  by  simple  aiHnity  has  no  fixed  relation 
to  proportional  quantity.  Moreover  we  now  know  that  the  latter  depends 
on  the  atomic  weight  of  hodiea.  If  then  the  strength  of  affinity  wore  de- 
termined by  relative  quantity,  the  former  wonld  bear  a  Bimplo  propO'r- 
tion,  direct  or  inverse,  to  the  atomic  weight.  Accordingly  to  Borthol- 
kt's  law,  the  affinity  of  hydrogen  for  other  bodies  should  be  the  greatest 
of  all,  aince  hydrogen  has  the  smallest  atomic  weight,  and  therefore  ths 
emallest  quantity  of  it  eufficevi  to  saturate  other  bodtee;  the  a&inity  of 
iodine  on  the  contrary  ought  to  be  [sifs  than  that  of  most  oLh^r  bodies, 
Iphur  for  example,  since  126  parts  of  iodine  are  neceGsary  to  saturate 
*  quantity  of  meUil  for  which  16  parts  of  sulphur  are  sufficient;  never- 
tbele§8  iodine,  though  more  volatile  than  aalphmr,  decDOiposeA  the  metal- 
lic sulphurets. 


6fturai  Lamt,  hy  icA^jtA  tiie  Mag-axtude  Or  Sirenjlh  of  Ap,n\ty  tV 

regulated. 

1.  W^XK  regard  Co  the  mnie  iwo  bodies.  If  A  combines  with  different 
quantitiee  of  B,  it  holds  the  first  quantity  of  B  with  greater  force  thau 
tae  second,  the  second  with  greater  force  than  the  thinl,  and  so  on,  This 
law  holds  ^'ood  without  exceptiou. 

Carbouic  acid,  C  O',  in  contact  with  hydrogen  gas,  zinc,  iron,  SiO.  at  a 
red  heat,  gives  up  only  1  atom  of  oxygen,  the  other  remaining — -in  con- 
fl^uence  of  the  superior  affinity  of  the  carbon — united  with  it  in  the 
form  of  carbunic  oxide,  C  0,  Brown  pci-oxide  of  lead,  Ph  O'^,  is  reduced 
at  a  low  red  heat  to  red  lead,  Pb^  0*.  oxygen  gas  being  evolvedj  the  rud 
lead  at  a  stronger  red  heat  gives  up  more  oxygen  and  ia  converted  into 
th«  yellijw  oxide,  Pb  O;  and  this  will  not  part  with  its  one  atom  of  oxy- 
gen even  at  tho  most  intense  heat,  but  sublimes  uuchatiged. 

Apparent  exceptional  Many  combustible  bodies  abstract  oxygen  from 
Dittous  oxide,  N  O,  at  a  lower  temperature  than  from  nitric  ox'ide,  N  O*, 
This  anomaly  must  be  attributed  (o  the  hindniucca  which  the  gaaeoud 
state  offera,  in  various  degrees,  to  chemical  action.  The  fact  that  nitric 
oxide  in  deprived!  of  ita  second  atom  of  oxygen  by  alkaline  aulphites,  and 
converted  Ixito  iiilrouu  oxldu  which  supers  no  further  alteration  from  tha 
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nctiiin  of  tlie  eame  ealte.  proves  tbe  corret'tneen  of  the  law. — Nitric  acii, 
N  O*,  (I&ea  not  give  up  ite  oxygen  to  many  lioiliea  bo  easily  aa  byponitrio 
aeitij  N  0'.  But  nitrie  aci  J,  preeiscly  ou  accnunt  of  the  dinall  affinity  of 
the  nitrogen  for  tbo  la^t  atom  of  osygeUf  is  not  known  (o  exist  in  (bo 
separate  stale,  but  euly  in  combination  witb  water  or  /salifiable  bases. 
In  R[{Heons  uitric  tLcicI  tbe  great  atbnity  of  tbe  water  for  tho  acid  oppiises, 
to  n  certain  extent^  the  transfer  of  tbe  oxygen  to  other  bodies.  So  like- 
wise bypcrc-hl-orate  of  pota*h,  K  O,  CI  0',  is  less  easily  decoiapoieil  ty 
heat  and  combui^tilile  bodies  tban  eblorate  of  potasb,  K  U,  CI  0\  allbougn 
it  contains  two  more  atoms  of  oxygen.  But  bypcrcblorrc  iwid  is  jnst  on 
aecoant  fit  tbia  greater  q^uantity  of  oxygen  a  stronger  acid  than  chloric 
acid,  ant]  tlie  cou?o(jnent  greater  affinity  of  potntili  for  byperchloTio  luiid 
renders  its  dccompnaicion  more  difficult. 

2,  WUh  7t>jai-d to  different  bfxlieg.  {a.)  Simple  8ubHtauce«  cxbibit  tbe 
ittrong«st  affinities  for  chcU  other,  e.g.  oxygen,  chlorine,  bromine,  lodnie, 
towards  most  other  elements,  Tben  follo^r  conipnunde  of  (he  first 
order,  t,y.  acids  and  salifiable  ba^os.  Tlic  affinities  couiponnds  of  (ba 
second  order,  salts,  for  iu,Htance,  are  much  weaker.  In  proportion  at 
the  affinities  of  the  elementd  are  satisfied  by  combination,  their  tendency 
io  form  further  conibina(ioL8  diminishes  and  ultimately  ceases, 

Tbe  more  opposite  bodies          in  tbeir  physical  properties  tho 

fireater  for  tbe  most  part  is  their  affiuity.  Thus,  metals  being  fiiitilAr 
lodips  have  generally  but  little  afUtiity  for  one  another,  but  great  alKnily 
for  oxygen,  chlorine,  broniiitc,  iodino,  sulpliurj  nnd  other  non-metallio 
bodied;  in  a  Biiuilarmannflr,  arids  hare  little  affinity  for  otber  ncids  or 
biued  fur  other  basea,  but  the  affinity  between  acida  and  boaes  U  ver^ 
btrotig. 

Columns  of  Aj^nily. 

Tbe  following  are  n  few  columns  of  affinity  drawni  up  principally 
frnm  deqoin position!)  by  simple  affinity  and  From  analogical  reftsoniDg^ 
From  the  difficulty  of  the  subject  (bey  must  be  considered  aa  merely  rougii 
nf>proiimation8,  Tlie  bodies  separated  only  by  a  comma  are  those  whosv 
relative  position  is  as  yet  uudocidcd;  after  each  semicolo'n  are  placed 
subntances  whoso  affinity  is  decidedly  weaker. 

Orv/rn.-  K;  Na,  lA;  Ba,  Sr,  Ca;  .Mg,  Cc,  Y,  G,  Al.  Tb,  Zr,  Si;  Ti, 
Ta,  W,  V,  Or,  Mn;  CO,  H;  Mo;  Zn;  Fej  C.l;  Ni;  Co;  Sn;  U;  TaO'; 
MnO;  MoO;  TiO;  P;  Pb;  Bi;  Sb;  PO';  S;  Cn;  MoO;  As;  N;  Sn  O 
}ICt;  S  0';  W  O"";  N  0;  Sc;  Pt  Ir;  Fe  O  S  0';  Hg;  Te;  Os;  B;  Pd; 
Ak;  KO;  BaO;  As  0';  I;  NO';  0',  V*  0";  An;  Br;  01;  P:  I  0»: 
CI  0';  H  0. 

Chiorint:  K  and  tbe  other  alkaline  metniN;  metals  wbtch  nn»  tho 
bom  of  tbe  oartlis;  Ti ;  Zn;  Fe;  Cd;  Co;  Sn;  CO;  H;  P;  Ph;  Bi ; 
Sb;  Si  Hg;  As;  Ag;  Sn  CI;  Hg'CI;  Pd;  Pt,  Au;  I;  Br;  0. 

i^lttOTine,  li'fiiniiie,  and  foUim  are  similar  in  tboir  rclntioQB  to  cU^ 

fine. 

Stiii^'ir:  0;  K  and  ibo  other  alltsltuB  metats;  Za,  Fe;  Sn;  Cu:  O; 
H;  C;  Pb;  Bi;  Sb;  Hg:  Ag;  Pt;  Cn'S;  MoS';  Au. 
J'Au»i>Jwnur  O;  CI;  Br;  I;  K;  Zn;  S;  K. 
//ifUru^n:   0;  F;  CI;  Br;  I;  Se;  S;  P;  Afl;  8b;  N. 
AVroy^f  C;  H;  1;  Br;  CI. 

MeUiia:  0:  F;  CI;  Bs;  I;  Sr;  P;  H.     It  is  true  that  many  niotallitf 
oxidea  Olid  fluorideit  are  deeompostiil  at  a  tf<l  heat  by  eldorine,  bul  in 
2^llB  tlie  affiaity  of  heat  for  the  mono  volatile  subalanc^i,  oyygvu  aiid 
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duoriuQ,  mn^t  bo  takon  into  account.  Nevertliolese  the  affinity  of  tiio 
nobl^  nietttla  fqr  clalorinc  30Gias  to  bo  greater  tLaii  for  oxyguii.  t)p  the 
whole  it  appears  tliat  different  motal^  liave  ditTereut  orders  wf  affinity, 

Hulphuricacld:  h'A.0;  SrO;  KO;  NaO;  L  0?  Ca  O;  0;  PI  O; 
N  H';  FeO:  ZnO;  NiO;  CoO;  C'uOi  Al-0'i  Fq*  0'-  C'<mp. 
Slmaubert  {Unters.  der  Vfrwandlsch,  57)j  Karaten  {tSclur.  3,  5S3)j  Gay- 
Liissaj  {Ann.  C'him.  89,  21.) 

HijdroihlM'ic  aeid:  il'hO,  KO,  KaO;  Ba  0;  SrO;  CaO;  MgO; 
N  H';  CoO;  NiOj  %0;  CoO;  Zii  0;  Mn  O;  Fe  0;  U  O;  AuO'T; 
Cn'O;  CuO;  Sn  0;  GO;  AP  O';  U' 0';  Or*  0^;  F«- 0^;  Sn  O^;  Bi'O', 
SbO'.  Comp,  StilitiiiuLoft;  Anftyo  ami  Dam-I  (J.  Ge/il,  3,  325),  Gay- 
LuBSnc,  n.  a.  0.,  and  especially  Pefaoz  [Ann.  Chim.  I'kifS.  58j  IBO,  aUo 
J.  Pr.  Ckfin.  fi,  32).  Pcrsos  places  tho  siiboxido  of  cojijicr  aUorc  tlie 
protoxide,  without  hotrevef  resting  his  supposition  ou  esperinient,  atiil 
pcrhnps  incorrectly.    With  regard  to  4PhO,  vid.  page  139. 

^^iCJ■tc  Acid:  KG:  Na  0;  L  Olj  Ita  O;  SrO;  «PbO;  OaO;  MgO; 
N  H";  Ag  0;  Co  0;  Ni  0;  Co  0;  Zn  0;  Mn  0;  Cd  O;  {6Pb  O,  N  0^); 
CuO,G0;AP0';  U^O^  Cr'O';  Hfr^O;  HgO;  Fe'O'j  Bi^O^;  accord- 
ing to  ScLnaubert,  Gay-Lusaac,  Aiifryo  and  Darcot,  and  particularly 
according  to  Persoz.  Here  alao  the  place  assigned  by  Persoz  to  subiixide 
of  mercury  above  the  protoxide  ia  to  bo  donbteil;  nrcording  to  Proust, 
(A.  Ce/d,  1,  525)  protoxide  {rod  oxide)  of  mercury  stands  likewieo  above 
protostde  of  cop]ior,  and  act-urdLng  to  Schnaubert,  protoxide  of  manganese 
precedes  protoxide  of  niclitd. 

For  ]}hosp}u>ric  acid  the  order  appears  to  be  as  follows :  Baryta, 
airontia,  lime,  potash,  and  soda ;  and  for  oxalic  acid:  Lime,  baryta,  stron- 
tin,  mit^e^ia,  potash,  Bodii,  auiinoDia. 

In  the  rtvi^ion  i>f  thuse  euluinQa  of  aciila  particular  attentiou  sliould 
bo  paid  to  the  forpi^tion  of  basic  salts, 

Pnldsh:  2  At.  Mo  0^  2S  0%  2CrO';  2  At  oxalic  acid;  2  At,  lartavic 
acid;  S  0^;  SeO;  N  O^j  10';  CiO';  HF;  H  CI;  PO^;  AsU';  10';  Br  O*; 
CIO';  H  Bl-;CrO';  P0=;  HI;  SeO-;  N  0';  MnO';  Mi.  0=;  BO';  C0=; 
AsO^;  HSc;  HS;  H  Cy.  This  ctfluiun  ia  as  yet  very  aneettaln,  and 
re<|ii>rcs  many  curroctiouB  and  additions. 

Olhor  bases  exhibit  grdqrs  of  aftiaity  moro  or  loss  resembling  tliat  of 
potiLslu 

VI.  Oricin  akd  NAirunE  of  the  PiTEsoMEWi  OF  ApFwrrv. 

1-  AUm,k  I/j/pothesu. 

According  to  the  Atomic  or  Carpmciilar  Tkeov}/,.  matter  is  an  original 
esBcnee,  and  conBiBtH  of  cert:uii  very  email  parts  etkUcI  Aimas,  Mofmdetj 
or  Pavlicies,  arranged,  not  iu  absolute  contact,  but  with  IiUei'val'  or  Poret 
between  them;  so  that  bodies,  which  to  the  eye  appear  [lerfectly  ccmtiou- 
ous,  like  a  piece  of  glaits  or  uietal,  must  be  regarded,  not  ns  beitff  com- 
pletely filled  with  matter,  but  as  aggregates  of  atpnjs  and  empty  spncee. 
In  ehemiciil  combination  the  hetvrugetieons  a.tonis  arrange  thenm^lvcs 
close  to  eacEi  other,  but  without  peneti-fttion— _/'i<3-i'rt/(03i((o«  talcea  place— 
and  tUo  aggreguto  of  the  so  formed  compound  atoms,  with  the  intervals 
or  pores  botweeo  them,  constitutes  the  new  compound.  The  aucient  and 
modem  atomic  theories  are  ttistingiiisbcd  from  one  another,  acoording  to 
the  force  which  is  supposed  to  act  in  bringing  about  the  juxtaposition  of 
the  heterogeneous  atoms. 

VOL.  t.  ^ 


A.  A ffCiEJiT  Atomic  TflMHT. 


In  Lliis  tliwify,  ihc  atoms  arc  BuppoeocI  to  be  actuated,  not  ly  any 
sUraotivo  foi-cc,  but  by  u  motion  existing  from  all  eternity — by  virtae  of 
tvliicSi  these  ntoiiis,  iavbibla  fr&ni  their  sniallnesa,  are  continually  fulling 
tbroii^li  sufiiiite  spao*",  hut  not  iii  csaetly  iia,rullel  lipe&, — -so  tinLt  tliey 
HOmetimos  come  in  contact  and  become  aggregated  togelLer  io  liu-t;«t 
masses,  like  (lie  vnrth  am!  Ltie  otLcr  botlles  of  tlic  nniverso.  Tboac  atontC 
ftliicli  i^o  on  moving  »]u»o,  and  so  come  in  cimUict  wU!i  bodies  on  tlie  sup» 
fftco  flf  the  cartli,  fiomotimea  fall  witJionl  eflWt  tlirougli  tlioir  purc^^— 
flonictinicp,  agnin,  llicy  etrike  ou  tlie  fLtomE  of  tlio  iHnlicf,  ami  (brusi  thvin 
cillicr  agin'iist  tlic  earth  or  agikinst  oae  aiiutlier,  tliorety  pryduciiig 
phenoTiiena  of  ^Tfkvilation,  colioribn,  adbeaioOt  and  aflinily.  (LeHcip|m<» 
Dcmocricud,  Epiuurua^  Lueretius,  Leaogc.) 

n.  Modern  Atomic  Tn&onv. 

According'  to  tliis  now  alnioat  univorsally  prufcrroJ  hy!hotti«Bi8,  tba 
atoms  are  supposoJ  to  bo  imiirvet  witb  inn^Lte  forcps  wliich  give  rise 
tLcir  iiiutuiil  attraction,  Romciimea  esLhibitud  la  tlio  iviOi  of  uii^liautcn], 
aorngtimoe;  iu  tUat  of  uhimical  force. 

a.  Coiisiiiution  0/ Atoms. 

AAm4  AH  not  infinitely  ffmail,  in  tbo  mnfliciniitical  eonee  of  tliA 
Wtrdfli,  but  bodies  of  tleturnnnatD  nia^iitado,  which  cniiuot  In*  ^'^piimtt 
Into  sniatlpr  parts,  cither  by  mcchauicit)  or  other  forces,  Tln>y  nri- 
ilofinitc  wt;in;bt,  dclinite  mttgpituUo,  B-tid  <lcfitiitc  form  ;  and  ihtw  siro  mii- 
j<liiiit  Lit  <lio  iitom-B  of  ibo  p;iniu  substance,  hqt  niiiy  dil)'<-'r  iti  tliow  "f  diti 
frrcnt  substunres.  It  i»  probaMi^,  however,  tbiLt  11il>  atflins  of  all  ^Kuiioc 
bavo  tho  same  density,  so  that  the  weights  of  tww  hotOTofff neons  atoti 
at&  iti  ilircrt  proportion  to  their  volumes — and  tliat  if  thu  ntvtnis  mti 

fulocc  thi>m»c)ves  side  by  eiiXe  without  leaving  ajiaccs  liotwcBn  them,  a 
HJilit'a  would  have  tlie  mnw  Bpecifio  jfravity,  vi*.,  thwt  of  tho  nloin«.  B 
ihcTO  must  cxiitit  between  them  oousiiicrnblc  intervals,  of  vnrious  mnj[;nih> 
tud<-s  in  ditfi-rGut  snbsta-accii, — ^anJ  these  are  filled  np  with  lieat,  tho  pris* 
ciplf  of  olaalicity,— whereby  tlie  atoniH,  which,  by  » trtoe  of  tlicit  tiiutiial 
attraction,  would  place  themseives  in  actual  contattj  are  kept  at  ^rtaio 
dintuncet!  from  ono  &iiuther.  When  bodies  ato  compressed  or  expanded, 
th^  atoma  lli etuBt;! vcis  euffer  licithet  contmctlon  nor  expaneion,  bot  tbo 
pores  arc  narrowed  or  widened.  That  atoms  must  be  extrcmoly  small, 
vitE  eonaitferahly  Ic89  than  ._|^^^^  line  in  diameter,  is  proTwl  by  tbo 
miproBGUiKil  iuvoGliyations  of  Ehrenber^.  {Pogg.  24,  OS.) 

Reifvecting  the  Farm  of  AUim»,  two  Tiewa  arc  principally  entertameid. 
According  to  onii  uf  ibeM  hypotheses,  atotoa  iLftve  the  samn  font)  U 
Iba  frwiueatfl  nhtaiut^  by  «plttttn|[  a  orystalltBed  budr  in  tbe  dirMtioa 
of  it«  plonea  of  deavage.  Antimony,  which  may  lie  rleft  in  dlroetleM 
|nra|]>ul  to  the  fa«eii  of  an  w!nU>  rh'ouiWhedrdn,  is  reetdvei)  by  ibiB  mod* 
vf  division  into  niinilor  rhombobeilroni'  of  continually  nmaller  and  nnaJler 
diin'-ri'tonH  ;  and  if  we  MBoeive  tho  rleavage  to  be  cflrried  tft  the  ntmoxl 
|ni*»il.l«  limit,  thosmallfwt  rhoinhohe<lror»  thus  obtainril  will  Ite  tlie  atoma 
of  antimony.  Tbc  titoniji  of  a  Ivonly  whieh  may  1x3  eleft  |iam]lrl  to  Um 
ho«>  of  a  eiilw  will  luivo  the  fonn  of  a  ciilto  ;  a  fliibiqlaneo  whieh  may  l« 
>4fA  ucttixdiij^  to  iLv  id^KH  of  a  ui^i-uidcd  pcii^Q),  wiU  ho  ultimately  rtdn- 


ATOMIC  TIIBORV. 


147 


ciWe  to  trianjTTnlar  pris-ms.  Cleavft^  acconlinp  lo  ibe  fiu^es  of  a  repul^r 
octnlieUrcin  will  ^ivci  iKith  re;^iil«r  octuSiedlrona  ami  totrahcdrons ;  horico 
one  fjf  these  foniis  must  Wlong  lo  llie  ntoins  of  a  bwly  so  roiistitntpi^ 
itiamoml  for  example.  According  to  tliis  view,  atoms  must  liiive  tie  fomi 
cither  of  a  piimllelopipoul  (rbonihohpJron,  cube,  ac^uaro,  rectangular,  or 
thambio  prieni), — or  of  a  triangular  prieiii, — or  Cff  a  letrohedroii  or  octohe- 
dron,  regular  or  irregular.  TLia  theory  eertainly  afforda  the  caaicst  ei- 
planation  uf  the  crystalline  form  amJ  determinato  cleaTage  of  Bimple  sub- 
etancosj  hnt  it  gives  no  explanation  of  aniorpltisni — it  iloca  not  accord 
well  with  dimorphrHm — an'l  the  more  easily  it  explains  tlie  crystnlttne 
form  of  simpio  substances,  tbe  less  is  it  nJnpteJ  to  accoatit  for  tbat  of 
corapoHuds ;  for  tlio  joxtapoeition  of  two  or  more  atoma  of  different  forina 
TDUst  produce  a  coinpoimd  atom  of  very  complicated  fignre. 

Greater  probabilaty  atliU'heK,  tbcreforpj  to  the  eccond  theory,  which 
has  iHjen  pnrticularly  developed  by  Ampero  (Ann.  Chim.  90j  43).  Ac- 
cording io  tiiia  tbeory,  (ill  Hloms  luive  n  ephorical  form;  ftiid  to  the  firet 
plitcp,  those  spherical  fttoins,  by  arranfring  themsoivce  in  various  nambors 
find  at  various  angles,  produce  a^grcyatea  pgasefiElng'  one  or  other  of  (ho 
fontis  which  may  be  obtamed  by  cleavage;  these  aggregates  may  bo 
calloti  cryatailino  molecules.  Thus,  4  such  spheres  forraiTig  a  base,  and  4 
jilaced  perpendicularly  over  them,  nrny  produce  a  cube;  eo  likewise  may 
a  layers  of  jipheres,  each  cootJiiuiDg  9,  arranped  in  a  square.  Two  or  4 
such  Jaycra  would  giro  a  flattened  or  elongated  equaro  prism;  2  or 
Dior«  rectangular  layers  of  6,  8^  12,  or  more  spborea,  p!ace<3  opo  above  (ho 
other,  might  produce  a  rectnugnlar  prisnij  9  or  16  eplierca  arranged  on  ei 
plane  in  tbe  form  of  a  rhombus,  and  3  or  4  sncb  layers  one  above  aq- 
(ithcr,  Would  form  a  rbombobedron;  3  spboros  below  and  1  above,  or  6  at 
the  lio(tf>m,  3  above  tbem,  and  1  nt  the  top,  a  tQtra,Iie<lmn ;  3  spheres 
below  and  3  abovo,  a  triangular  prl.sin,  antf  so  on.  Tbeae  crystalline 
Huilecules,  formed  at  the  earliest  stage  of  cryatallizatirtn,  afterwards  unite 
tbcmselvesj  by  attracting  each  olber  chiefly  at  their  enrfaces,  into  larger 
crystalline  maMsea,  separable  in  the  directions  according  to  which  tho 
junction  has  tatcn  place — and  ihua  planes  of  cleavage  are  determined. 
It  is  true  that  this  theory  leiivea  it  at  present  uncxTiilained,  why  the 
Bphercs  Biouhl,  according  to  the  nature  of  the  bodies  to  which  they  belong, 
nnito  themselves  in  different  nnmhcrs  and  at  different  auglcH,  whoeo  mag- 
oiludc  IS  constant  in  each  particular  snbatanco — and  that  thus  sometirneff 
one  crystalline  molecule,  sometimes  another,  should  be  formed.  But,  on 
the  other  hand,  it  gives  the  beat  explanation  of  dimorphism  and  amor- 
phinm.  When  from  viscosity  in  tho  liquid,  or  a  too  rapid  passage  from 
the  fluid  to  the  solid  etiite,  the  atoms  cannot  first  unite  themeclvee  io 
"jnalftne  moleculea  in  the  manner  just  deacribed,  they  all  remain  at 
4<]Tifil  distances  from  each  other;  consequently  neither  regular  deavago 
nor  crystalline  form  can  osiatj  that  is  to  say,  the  body  is  in  the  amor- 
fhooa  Blate.  Dimorphieia  arises  when  the  atoms,  according  to  tempora- 
toro  or  other  circumatanceii,  unite  themselves  in  different  numbers  and  at 
different  angles,  into  crystalline  molecules  of  different  forms,  which,  there- 
fore, by  their  approximation,  must  produce  crystals  of  difTercpt  shapo  and 
cleavage.  The  compound  atoms  of  compounds  are  o^^egatea  of  two  ot 
tnore  pphereB,  and  are  capable  of  uniting  to  form  crj'Stallino  molecules  in 
tlie  same  manner  aiS  eimplo  atoms. 

Wiih  respect  to  ponderable  fluids,  It  la  eappogod,  according  to  tho 
ntomic  (lieory,  that  caeb  individual  atom  (whatever  may  be  its  fovto.\  \^ 
earroiiuJed  by  a  Bphcro  of  Leat,  wbkli  lakey  uij        «.  ft^^a  Va. 
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liqaiils,  bat  bo  la.r^e  a  epacQ  id  ga^es  lliat  tlie  roliimo  of  tli^^  atoms  is 
utiorly  insigiiifiL'aul  in  cvrnpnrisun  witli  that  of  tlie  calorific  envelopes. 
This  greuteraTid  more;  iinironn  eopatation  of  tlie  alnms  by  l3ie  cnluritie 
(}])v«)o{H>g  is  ^uppo^d  to  accouiii  fur  tliQ  muliiUiy  of  Auids,  Iti  JitFerPikt 
ol.iatit^  fliiiJ*  tLe  ciilorific  envelojiea  have  different  volumes :  if  t\iO 
vulmiie  of  the  envelope  surrounding  ntom  of  sulphur  =  I,  the  convB- 
poiiding  volumes  iu  the  other  gases  will  be  3,  G,  9, 12, 1»  or24  (p.  55 — 6T). 

Of  the  com-ctnesia  of  the  iitotntc  theory,  the  following  proof  is  adjnoed 
by  Wolliwton  (Ann.  Phil.  20,  251;  Gilh.  72,  37).  If  matter  wei* 
infiaitety  divisible,  atmospheric  sir  would  ty  vlrtno  of  ita  elasticity 
expa.nct  intri  infinite  epfiee.  Tho  tarth'a  ^tnio^iphere  could  not  thcreforB 
have  a  definite  limit,  but  muat  extend  itself  to  tho  othnr  heavenly  Inidiet 
and  form  atmospheres  around  tiicra,  the  density  of  which  wuuld  Im;  pro- 
portional to  the  maaa  ami  attractive  power  of  these  bodieR.  That  tio 
atiUKiephere  is  observed  rnuiid  the  moon  might  p<?rh:kp6  be  explaintM  by 
the  considpration  that  tlio  lunnr  atmosphere,  if  it  usi^led,  must,  on  accuuiit 
of  the  gmall  mass  of  the  moon,  bo  very  rare  and  therefore  imperceptible. 
But  it  may  be  ajftrenamif-EtLly  demoniatrated  itiat  the  aun  and  Jupiter, 
whose  Tiiasaea  are  mueli  larger  than  that  of  the  earth,  are  liLewi^e  withuul' 
atmospheres.  Hence  it  foEluns  that  the  air  is  not  infinitely  divisible,  but 
that  lis  atoms  existing;  in  tlie  higher  regions  of  tho  atmosphere  do  not 
separate  from  each  other  beyond  that  pulnt  at  which  their  mutual  repnl- 
bIoh  is  eiactly  lialanceil  by  their  attraction  towards  the  carll.  AgsLinst 
this  it  may  perh:ip!i  be  alle-jed  that  even  snjiposing-  the  air  tn  be  inripit*.'ly 
divisihlor  ita  elasticity  must  at  length  be  eo  niueb  diniiuiahcil  br  deuroosA 
of  density  that  the  earth's  attraction  will  set  bounds  to  the  preater  expan- 
■io<n  which  a  further  removal  from  tho  earth  vouM  involve,  Mornovcfj 
if  we  admit,  with  Poisaon  and  Dumas,  that  the  uttermost  parte  of  the  air 
are,  on  account  of  the  extreme  cold  there  exleliiig,  iu  the  solid  or  liquid 
Atnt«  and  surround  the  atmosphere  iu  the  fotm  of  suoiv-flakca  of  nitro 
and  oxygen— the  preceding  demons Iration  will  apjiear  even  lefo 
factory. 

h.  Chemicul  CMiAinatian. 

A  chemical  compound  is  produced,  when  one  or  nioro  atoniis  nf  one 
Mkbetance  arrange  thcminelvcs  in  the  most  aymmctricnl  manner  ;K)«»ihlc  by 
tbe  Bido  of  one  or  mwro  atoms  of  another  eubetiuirc,  o-r  of  seveml  other 
■ubetnncc^,  and  iha»  funii  a  conipomul  ntoni. — For  tho  manner  in  vhick 
atoniB  arrange  theinselvce  one  witli  another,  viii.  Uaudiu  (^Hiltl.  univ.  5:^ 
131). — Atoms  are  always  more  inclined  to  nntte  in  Biiiiple  thiiu  iu  com- 
plex numbera,  and  tho  inorc  intimate  coiiipoimila  of  the  inoritTinie  kingdoot 
gotiorally  exhibit  simpte  numerk-al  proportion^ ;  while  in  orgmiic  rom-^ 
jMnnds  formed  under  the  influence  of  iho  vital  force,  very  roniplicaCv<l 
proportions  arc  met  wilh.  Compound  atoms  again  unite  wUli  com |m>ij lid 
ali>mB  iif  ft  clitforenC  kind  to  form  compounds  of  the  second  order;  and  th* 
cnniiwjund  Jitouin  of  the  second  order  thuB  formed,  by  toEubiuin^  wilfc 
oliiH'rii  of  the  same  order,  give  rise  to  compound  atonw  and  combimaion* 
of  the  tliini  or^k-r,  and  so  on.  Tho  luodft  of  ctkuceiving  the  formation  ot 
tlic  1dm  intimate  cuuipoumb  nf  viirinhlo  cone  t  it  u  I  ion,  r.  ij.  Milhliona  of 
Boida,  alkali*  or  ealt"*  in  arhitmry  (piatititic-a  tif  urutcr— wiiethcr  in  such 
ouen  tho»w  bodies  first  form  coni|uiund  atoina  &f  definite  constitution  by 
rombining  with  a  ««iall  (pwniity  of  Mat«'r,  and  tKewe  arc  aftcnrarvt 
iiirrnundod  by  the  remaiuinj;  atoms  of  the  litjuild,  or  whi'ther  tho  tnextoni 
laknt  pittco  in  eouie  olbor  way,— must  fur  [lie  preacul  remain  undecided. 
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A  ctoDlical  conilimatinn  tlierefure  ib  s.  mixture  continu^il  a?  it  wero  to 
the  eitreme  of  iDtiinacfj  in  a  mixturo  properly  «o  callwl,  ivlioltf  maflsea 
oF  atoms  of  tbtt  ouo  bwiy  are  laid  nide  by  giilc  with  those  of  the  otlier — 
and  these  Ijetwrogeneous  massea  can  be  di^tingiiislied  by  Uio  scDses.  But 
in  cLemical  combitiatioii  tbe  imiiridual  bcterogeuiiOUB  at»ti>»«  afo  laid  side 
by  aide;  and  since  rttums — even  compound  onca — are  too  small  to  be 
inJiviciually  discernible,  tbc  eye  pereeivpa  only  the  msssea  forniftd  by  the 
beapiog  together  of  these  Rtoms  by  virtuo  of  robeaiou,  and  benee  tbe 
cheintKil  coiiipnunitl  apppars  ltomn/i;c neons.  These  niiisses  may  indeed  bo 
se[iarated  iiitu  smaller  urid  Bmallcr  ones  by  mechanical  forw,  but  their 
compound  fLtttma  arc  not  therpHy  resolved  into  fiiniple  iitoms;  only  tha 
cohesion,  is  overcoiim  wlitcli  holds  together  the  comfKtiind  atoniA,  not  the 
nffinity  by  wlii^li  tlie  simple  atoms  are  united  into  compouml  oneu. 

With  regard  to  the  innate  force  by  wbicb  atoms  arc  disposed  to 
conibinc,  thrvt'  hypotheses  linve  beea  laid  down.  By  aonje,  it  is  regnrdod 
iia  the  eiuiio  universal  force  of  attrnction  which  under  diflerctit  eireum- 
Hlance^  exhibits  itself  iiJS  gravitation,  cohesion,  and  adhesion ;  by  otbers, 
as  an  attractive)  force  of  a  jieouliar  nature;  by  otliers  agaiu  as  electricity. 

/■|>gif  Hffpolhtsit,  Chemical  combinations  are  produecJ  by  univeiisal 
attraction. 

Although  Newton  was  tbe  first  w  ho  regarded  ehemieal  combination 
as  the  result  of  an  attractive  foree,  he  nevertheless  supposed  that  tliis 
force  was  different  from  uoivereitl  attractioBj  and  that  it  diminisherl  au- 
eof-ding  to  the  inverse  cube  of  the  dii^tance.  Bulfon  was  the  tirat  to  eon- 
sider  both  tbeao  forcca  aa  identical.  Since  the  force  of  uoiversa!  attraction 
ilepondis  wholly  ou  tbe  mnaa  of  the  attracting  bodies  and  not  at  all  upon 
their  ii|Mn.lity,  while  lit  cheniiciil  conibioTition  tbe  latter  is  of  tbe  utmost 
ira}>orta.nce,  Butfon  endeavoured  to  explain  tbia  dil3eretK'e  by  suppotiug 
that  the  centres  of  gravity  of  tbe  atuniii'  of  helerogeneoua  aubt*tanco8 
niijt^htj  in  conacftuence  of  their  dit!'erence  of  form,  approach  one  another 
within  different  distances — nnd  therefore,  since  the  fnree  of  gravitation 
varies  iuvcraely  ns  the  e(|iiare  of  the  distance,  the  attrnctiou  lielwcen 
such  bodies  wouM  vary  in  aiuonnt  with  the  shape  of  their  atoms. — ■ 
Bergman  also  attributud  these  difl'creuces  between  the  action  of  gravita- 
tion and  that  of  atHnity  to  the  different  forms  of  the  atoms  and  likewise  to 
iheir  relative  position. — Guytou-Morveau  perceived  tliat  to  explain  the 
great  difference  in  the  strength  of  affinity  depending  on  the  nature  of  the 
bodice  crpncerned,  on  the  tiypothcsie  of  a  dili'erencc  of  form  in  their  atoms, 
wa«  niatbematicalily  inipoasible;  but  be  was  nevertheless  inclined — since, 
Recording  to  his  view,  atreHgfh  of  adhesion  and  strength  of  nffinity  follow 
the  same  laws — to  regarcf  aSitiity  jis  a  particular  maaifesUtion  of  the 
gravitation  of  the  atom^,  and  to  hope  Miat  the  peculiar  characteristics  of 
aHlnity  would  be  explained  by  the  discovery  of  new  fitctR, 

lirrtfiollef's  Tkeotif.  Universal  attraction  la  probubly  the  caiiHe  of 
chemical  combination.  Its  action  iu  this  respect  exhibits  peculiar  charac- 
ters, bacauae  it  is  exerted,  nut  on  maascs,  but  on  molecolea  placed  at 
fttremely  ^rnall  diataucoa  from  each  other,  ami  diflering  in  form,  ooh^ioo 
and  elasticity.  All  hodica  bavo  affinity  for  all  others;  but  the  nffinity  is 
not  ftlwaj's  manifested,  because  other  forces,  eiich  od  gravitatioHj  cohesion 
and  eluaticily  overcome  it  (p.  35). 

Two  buijieB  are,  by  virtue  of  their  affinity,  essEntially  cJipable  of  uniting 
in  all  proportions;  the  exception*  to  this  law  aie  to  be  attributed  to  tbe 
cohesion  and  elaatieity,  partly  of  the  simple  Bnbstanccs  tlicinsclvef,  njattl^ 
of  the  compound.    ThuB,  water  JiaeolvcB  only  a  ccrUwiv  "^l 
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bocauBo  tlio  ooliei^ion  of  tlie  eali  DltimEttoly  balances  tlioaffiuilj:  eimiliirl^. 
tbo  olaHtieity  of  ii  gae  prevents  ita  iibsorplion  by  waxcr  bevunJ  a  ctTtaio 
limit,  anil  tlie  elasticity  uf  oxygen  gns  cniisus  lueUls  to  coiuuiiiQ  with  ou\y 
a  (Ictlnite  quantity  ot  oxygen.  Mureuver,  if  a  coiubinattou  io  certain 
dL>lluite  prupurtiaiis,  f.  rf..  lliiit  of  7ti'(!  baryta  and  40  eulphuriv  acid  p<w 
BSBnes  very  jircat  cohesion,  it  eoparatcs  fmui  tbo  state  of  eolwtiyn  in  water, 
becomes  tburcby  reimived  from  tlie  fjiliero  of  cbonijcal  action,  and  conse- 
queutly  tukea  up  u<i  mitro  the  oxrves  of  baryta  or  eulpburic  oviJ  wbicli 
may  perliapti  sxint  in  the  lii^uiU.  For  a  miiiiilar  rciMOD^  byilrog^n  and 
oxygvu  couibiue  only  in  tbe  proportioa  wbicb  forme  tbo  most  coherQpt 
ctinipound,  viz.  water;  (tlie  more  c*i|jereut  peroiiJe  of  liyilrogou  was  not 
kuuwu  at  tliat  time).  TLis  atiite  of  ^r^xto^t  cpbasiun  corre^poiicb,  id 
ujost  cumbiiiatiotis  of  3^:\l^^i  luid  has^,  with  tha  pr(>|K)rtiun  which  pri>dut4A 
iho  moat  coiiiplt^te  neutratiuition  :  but  in  coniiHJunda  of  the  more  cobo* 
rent  substnncea  oxnljc  actil  and  tartaric  acid  witli  atmuooia,  potoeih,  and 
foda,  it  is  found  ia  tlie  n<:id  fialt. 

Thv  smallor  the  quantity  which  any  ^ubatanco  Teqoires  of  anotbcr  to 
prorluoe  tioutraJie&tiot),  tbo  jvrcatcr  is  their  iiatuml  adintly  {p.  142). 
Sinco,  for  example,  according  to  tbo  later  more  t'Xa<^t  deiermi nation^ 
47  2  pn.rtd  of  poliub  require  40  of  aalpburic  aad.  .'54  of  nitric  acid  to 
neutralize  tbeni,  the  affiuitie^  of  fiulpbiirio  and  nittic  acid  for  polaeh  are 
hi  t'UO  another  an  54  ;  40-  But  in  the  ebemioil  actions  of  htxtitw,  not 
only  tboir  forfe  of  affinity;,  but  also  their  quantity  must  bo  taken  into 
iwwuiint.  Ifwuaeaunie,  a«cordinj,' to  what  precedes,  tbat  tbe  affluily  of 
n  muleeulo  of  potaeii  for  a  molecule  of  sulphuric  a«id  amounts  to  54,  and 
for  a  moleculo  L>f  nitric  acid  to  40,  and  j^upiiose  tbat  1  inolocule  of  sul- 
phuric acid  and  3  moloculou  of  nitrlo  acid  act  elniultan&uuj'ly  on  1  muli:)- 
culo  of  putaeh, — the  force  with  wbirb  the  Aulpburic  acid  tends  to  lay 
bold  of  tbo  iiotnuib  will  bo  1  ,  ,'^4,  and  that  CK^rted  hy  tbo  iiitrio  acid 
S.iO  =  120.  This  product  uf  the  force  of  at&uity  into  the  quaatity  vf 
tbo  acting  substanco  is  called  hy  Borthollet  tbo  Cf^micd  M"**-  Ileneo 
ibo  chemical  force  of  a  Iwdy  inere;it8C4  in  direul  proportion  to  its  qunutity ; 
iiud  a  euljAtaDco  potheewiug  but  small  alUnity  moy,  when  it«  iju»iility  i« 
iu  oxceea,  exert  a  itron^er  attraction  on  a  tbinf  body  lbi>n  oibcr  ctib- 
elancee  poeeeesing  intriusicaliy  ^uler  ailiuity  btit  present  in  ttiuulk'r 
i|Utt[i(ity, 

W  hen  a  body  A  romee  VQ  contact  witb  two  bwlics  B  and  C,  both  of 
wbicb  l«nd  to  TOiiiljino  with  A,  it  docs  not  combine  exclusively  with  Uiai 
t»M  ffit  ttbicb  it  baa  the  greater  uHiuity.  not  even  when  tlit<  quantity  uf 
lliG  liitter  ia  sufficient  for  tbe  eomplcte'  saturation  of  A  ;  Bkoilbot  doM  iL 
combine  oxclneively  «'ith  the  one  ivhicb  act^  with  the  ^realt-r  vbemicol 
inoMt,  but  diridee  iloclf  helwe^in  the  two  in  tbo  proporliuu  uf  their  cbe* 
mii-al  masses.  If,  acoordiug  to  the  procedin;^  example,  1  molteule  of 
pulpburic  acid  and  3  of  nitric  acid  act  on  \  of  potn^b,  tbo  chemiool  bum 
of  the  tiulplitiric  acbl  bein^  I  .  £4  and  that  of  tbe  nitric  acid  3  .  40  =  110^ 
^\  of  tbo  quantity  rhf  potash  prwent  combincu  wllb  (ho  aulpburifl  mU, 
nod  Hi  *'tb  thiC  nitric. 

This  law — that  a  Imdy  divides  itself  iKvtwcon  two  others  which  ara 
mdearonring  to  Juy  hold  of  it,  in  l!ie  pnqwrtiou  of  (heir  rbcnitcnl  ma—t 
— is  nibjiK't  to  excejitiuiJH,  only  when  in  tiucli  conAiet«  uf  ittlinity,  a  cbaiifft 
in  Hid  ntjito  of  aggTenlion  of  quo  of  ibo  ni'lim;,'  bodioH  or  »i\v  erf  tbo  eam- 
puuijilH,  11  pnxluwl  oobaaton  or  elnatii-ity,  and  these  hudiss  aro  UiH 
rouiored  fruui  the  >ii>bi<re  of  oht?miicnl  action.  In  jiucli  caaca  A  Bia^ 
comhiut?  c3Lf^misv\y  wjlh  li  ur  C.    llvui.'«  ariae  Iho  fuur  foUowing  aaaii> 
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1.  The  rtiteffi&n  of  B  effects  ita  complete  eeporatioTi;  e.  g,  WLcu 
nmirnnin  id  ndiltil  to  au  nqiieoufi  solutlun  of  snljihate  of  ahimiiiu,  tho 
eiilphiiric  acid  nt  first  dividL's  itecif  lietwcen  tho  two  hoses  iu  tLc  ratfo  at 
their  chemical  idosech  ;  but  since  tbe  aliiiiiiniL  ia  thu.^  deprived  of  a  portioD 
of  its  sulpiinric  ncidj  and  tlio  remaiodor  ool,  DuAcient  to  bold  all  tba 
aiuniina  in  solution,  a  portion  of  it  le  prouipitjitcd  and  tbua  removed  from 
tlie  ephero  of  I'beniicnl  action;  now  siac©  by  tliis  precipitation,  the  quan- 
tity of  alumina  conlaineU  in  the  miliition,  and  therefore  aleu  its  cheiuical 
tame,  is  diuiinif^hcil,  the  nmnionia  ia  enabled  to  rob  it  uf  another  portion 
of  eulpEinric  acid,  iberehy  precipilatinp  more  alumina,  .liminishiTig  tfeo 
ohemivol  inn^a  of  tbiit  whii-b  rcmaitis  dj^aolved,  a^niu  removing  sulphuric 
acidj  and  so  on, — till  at  length  it  iippropriittea  all  tUe  acid  and  tbrowd 
down  ibo  wIioIg  of  tLe  aluniitia.  These  aiicccBaivu  dccompoaitiona  follow 
cocb  other  m  quickly,  thnt  tbo  whole  action  Boeniu  to  tJiko  pla«e  in  st, 
mom  on  t, 

2.  The  elasticity  of  B  eOccts  ita  coniplote  eepamtion  ;  e.g.  When 
bydrochloric  &(.-id  is  added  to  a  solution  of  carbonato  uf  potaeli  in  water, 
liio  pnta^l)  Ht  lirtit  divides  itself  between  the  two  fiK\.<\.i:  the  coniponntl 
tbuii  furnicd  of  pari  of  ihe  potn^li  with  tbo  whole  of  tbe  carbonic  acid 
allows  buw^vQr  a  pnrt  of  the  eiubonto  ficid,  now  leas  intiuwvtcly  conihinedj 
io  e«<?apQ  HIS  gm  and  tliutf  to  remove  itsulf  from  the  eplicro  of  aelton  ;  the 
chemical  ma^  of  tho  carbouio  acid  lu  tbe  eolation  being  tbua  diminishod, 
the  liydrocbloric  acid  tukos  from  it  a  frceh  portion  uf  potn«b,  and  eets  free 
anotiier  portion  of  carljonic  acid — and  thus  the  action  is  re|»atcd,  aa  in 
tbo  form«r  c^b^,  tiU  the  wlsole  of  tbo  potasli  h^  combined  witll  tho 
hydrochloric     Id,  anil  the  wbolo  of  tbo  carbonic  acid  La.s  escaped, 

3.  Tho  cohefiion  of  A  C  effecta  tbo  complete  ftcparattou  of  B;  f.  g. 
If  barytd  diwolved  in  water  bo  brougbt  in  contact  with  a  mixture  of 
BuljiliUfic  iind  nitric  acids,  in  such  ptopofliun  that  for  every  niolticnle  of 
baryta  prearnt  tbero  sball  be  1  molecule  of  snlphnric  and  3  of  nitric  H.cid, 
tlio  baryta  will  at  tbf  rommcncetnerit  he  dividcil  between  tho  two  acids 
in  the  *ame  pruportinn  as  thi»  potnab  in  the  exaTopic  nhovo  given.  But 
potoiib  fonns  with  both  the  m  itila  (soluble  salts,  wliieh  therefore  remain 
misccd  ;  wlierfBs  tbe  compound  of  haryln  witli  a  certain  (luaiitity  of  sul- 
phuric acid  ia  innoliihle,  falls  down,  and  is  removed  from  tbe  ajiliore  of 
ncliiin.  The  solution  ■nnif  contains,  besides  tbo  combioatioa  of  baryta 
with  nitric  aeiii,  tbo  excess  of  eulphuric  Held  wLieh  tlie  preei]iltated  sul- 
phAtA  of  baryta  was  unable  to  tako  up.  This  free  aulpburie  acid  tukcv 
from  tho  nitric  ncid,  in  proportion  to  ilR  chemical  niaes,  a  new  qnantity 
of  baryta,  which  however  ia  precipitated  in  combination  with  the  pro- 
portional quantity  of  sniphnric  acid;  this  eotn  free  another  portion  of 
eulphuric  acid,  wLieli  a|^in  takc^^  baryta  from  the  nitric  acid;  and  this 
repeated  abHtractiou  and  precipitation  goes  on  till  all  tho  baryta  ia  thrown 
down  in  tbe  form  of  sulphate  and  all  the  nitric  acid  ia  set  free.  In  ac- 
cordance with  this  csplanationj  Bcrthollet  aupposea  that  on  brinjring- 
totjctlicr  two  palta,  wliose  acuU  a^  well  aa  bases  are  different,  fourBalts  are 
always  produced  i  Urns  nitrate  of  potnah  and  sulphate  of  soda,  in  solution 
produce  a  misture  which  altll  containa  a  portion  of  these  salts  in  the 
undecorapoflcd  fitate,  together  with  Biilphate  of  polneh  and  nitrate  of  soda. 
In  ^rciieral  thoreforo  four  Pultn  are  nhtaincl ;  but  if  one  of  tbo  two  now  ealt« 
ia  insoluble  and  separates  itself  fioni  the  spbero  of  action,  llio  iindocom- 

5io(*d  Kilts  vet  remaiuin;f  in  solution  produce,  in  consequence  of  the  e(|nal 
.ivi«iou  of  their  etonieiits,  a  new  qiiaiility  of  tbc  insoliihie  waltj  but  as 
Uu0  always  foils  down,  tho  dwompoMlion  go^  uix  ^^^iiisX 


Balt9  are  completely  decomposed; — e.g.,  nitrate  of  tfarjfta  ODtl  eulphalfl 
of  soda. 

4.  The  eliLsticiLy  of  A  C  efTccla  the  coiii]jlete  scparatioE  of  B;  t.g, 
WJinn  peroxide  of  iron  ia  heated  to  redncea  with  charcoal,  the  oxygen 
oopht  to  divide  Uself  between  the  iron  and  tlio  carbon  in  proporliun  to 
tlieir  cliomical  masses.  But  since  tlio  oxygen  whieb  conibiop*  with  Ihe 
carbon  forms  ciirbonic  oxide,  which  eecQpeeii*  gtw  and  ho  beeoraes  retitoved 
from  the  sphere  of  notion,  the  remaining'  carbon  eontinucs  to  wilhdraw 
oxygen  from  tho  iron,  till  the  latter  is  completely  reduced  to  tb?  metallic 
etate. 

Review  of  BerihoReCs  Theory. — 1.  This  theon?  does  not  establish  ths 
inlentity  between  affinity  and  univer^nl  attraction.  Berfbollet  hitii»i>l 
supposes  that  diflerent  bodic*  have  very  difleroat  degrei-a  of  atfinilv  for 
one  unoLber,  without  gpeci/yiiig  (o  what  extent  the  iinitividual  f^ualitiaia 
of  the  moloculos  may  exert  a  peculiar  iitflueuco  mi  their  motual  gravity 
tion  iiud  IhwB  nm^dify  the  laws  of  univoraal  attra^tioiK 

2.  Unacipiaintcd.  with  our  present  sy-stem  of  atoTcliiometTV,  Bertbolldt 
supposed  that  two  bodies  eau  eonihine  Iti  an^  proportions  whatever,  and 
endeavoured  to  explain  tho  fact  that  comhiniktion  generally  takes  pliico 
in  a  few  definite  proportions  only,  by  liHsumiof;  that  precisely  when 
these  proporltoa*  hold  good,  the  compound  poasossea  tho  greatest  deneity, 
cohesion^  or  elasticity.  But  why  does  chlorine  gas  ex>mbine  with  liydrogeti 
gas  in  one  proportion  only,  and  then  witbont  any  condenBation  or  expan- 
sion produce  hydrochloric  acid  gaal 

3.  It  18  true  that  tbe  quantity  of  a  substance  exert«  some  influenre  on 
its  manifeatations  of  affinity  (p.  V^^);  hut  uuEess  ndhoeion  al&o  corner  into 
play,  this  influence  is  not  exerted  by  any  miantity  beyond  that  whirh  i« 
Btill  capable  of  entering  into  c{>nibina,t)on.  For  example,  Miiec  onenlntu  of 
wxy^'en  eannot  combine  with  more  than  one  atom  of  «irbon,  100  atom?  of 
carbon  will  hare  no  more  efi'ect  on  the  combiiiatiou  of  any  substance  with 
one  atom  of  oxygen  than  a  single  atom  of  carljon  would ;  if  this  one  atom 
cannut  ahstritct  ttie  oxygen,  neither  will  1(10  atonic  do  it- 

4.  Borthollet's  tlieory — that  a  body  A  divides  it«elf  between  iho 
bvdiey  B  and  C  in  the  proportion  of  their  chemical  masses — ha*  an  appear- 
ance of  truth  in  those  c»»^b  only  in  whicti  the  snbstaeees  whieh  net  upon 
each  other  are  eontnined  in  a  liquid  in  which  both  they  and  their  )k)»- 
Hibie  coiiipnunda  are  sohiblc  ;  boeau^o  in  ^nch  cases  it  cannot  firr  the  imisi 
part  1)0  directly  shown  what  corapoundx  are  c<in(ained  in  lh»«  litjuid, 
whether  A  C  and  B  according  to  the  cirdinnry  view,  or  A  B  and  A  C 
accordinj:  to  Bertliidlet'a.  But  in  eoitie  cases  even  of  this  kind,  thv  in* 
corn'ctnena  of  Berihollet's  theory  may  Ivo  distinctly  sluiwu.  Iturario 
acid  colours  litmus  wine-red*  Fulphuric  aeid  turns  it  bri;:ht  red.  Kow  if 
eulpburic  netd  be  g^railually  added  to  a  warm  solutiou  of  borato  nf  Kuta 
in  water  which  has  been  coloured  blue  with  litmus,  tie  liquid  at  firrt 
remains  bCue,  because  a  conihination  of  aoda  with  excess  of  boracto  acid  is 
prmlueed ;  on  the  addition  of  more  ^iilplinric  aeid,  hnracic  acid  ia  Mt  CrM, 
and  colours  the  llipiid  wine-red;  and  not  till  all  the  snda  hiu  entered  intA 
rombinalinit  with  (he  nuljibiiriu  iicid  doec  a  fiirtlier  aUdiLion  of  thbt  acid 
jj^ivr  tlif  liquid  n  b^i^llt  led  rultiur;  but  if  sulphuric  acid  were  present  aA 
tho  ivmiiiitinfiiit-nt  of  (bo  actifii ,  either  in  the  free  Fta(o  or  combined  with 
wiljihalo  itf  Hiidn  in  the  form  of  an  acid  enlt.  tie  briglit  rod  eolour  would 
iipp--nr  at  onco.  ((.iay-I.mxwie,  Ann,  Chm.  I'hyt.  4(1,  alni  Vo^j.  ii, 
(ilfl.)     From  till'  natiio  cauHi;,  a  sollltioa  of  sulphate  r>f  [K>tu«h  nr  JKnla  In 

which  Iwrach  add  haj)  boeu  added  vvloure  lituuv  ouly  wiuo-ivd;  hoi  ihtt 
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addition  of  -jnjVir  sulphuric  acid  iianiediatcly  proOuccs  this  bright  reil 
tint-  {Diibail.  J.  P/iann,  18,  425),  Hence  borncic  acid  duea  not  tn.ke 
soda  frwiTi  eulphuric  acid  or  set  that  acid  free.  HydriiBulpiiuric  acid  and 
carbonic  acid  esliibit  siniilor  relations  towards  snilpliuricacid.  (Diiuitis.) — 
Tinctnro  of  litmus  is  in^HantJy  bleached  by  cldorine  water,  but  not  till  after 
eeveral  days  by  atpi^utia  solution  of  iodint:  oq-k-,  a,  sulutioTi  of  Qhloride  u£ 
sodium  mixed  with  iodine  shotibl,  according  to  Berthollet,  jjrodiice  )k  mix- 
ture containiiig  cliloridc  of  sodium  with  excess  chlorine?,  nnd  iodide  of 
eodiuni  with  ercesa  of  iodine.  Dut  (he  or0.n;,'ii)-yellow  iiii:?turc  eoloure 
littnus  greftn  (from  the  yellow  <jf  the  eolutiou  aud  tlie  bine  of  the  tincture): 
and  a  very  aniall  quantity  i>f  chlorine  water  immediately  changes  tliis  green 
colonr  into  the  orau^c-yelloW  of  tlio  solution  nf  iodine:  this  shows  that 
110  chlorine  ha*l  been  fiet  free  by  the  ioilinc.  (Dubail  ■  Gin.) — Phosphate  of 
peroxide  of  iron  is  solciblo  in  hydrochloric  a«id,  but  not  in  acetic  acid. 
From  its  solutioti  in  bytlrocbloric  a«id  it  ia  completol^  precipitated  hy 
atTtate  of  potash.  Now  if  tho  potash  had  been  divided  between  tho 
liydrothloric  and  acetic  acids,  part  of  the  bydrochloric:  acid  would  hnvo 
remained  freoj  and  would  have  held  sonic  of  tue  phoHphate  of  Iron  in  solu- 
tion, (Gay-LuBsac  a,  a.  0;  also  Jim.  Chim.  i'Ai/g,  70,  4\G. — Comparo 
also  Person.  CJiim,  molecuL  348.) — The  experliriciits  of  Soubdran  and  0. 
Henry  (J,  Pharm.  1 1,  430,  also  Mwf.  Fhann.  15,  44,  also  N.  Tr.  12,  1, 
266)  do  not  prove  mtich  in  favonr  of  Berthullet's  views. 

Other  objections  to  BerthoUet'e  theory  of  diRtribiition  may  he  dedacnl 
from  tho  following  ffieta.  Oxalate  of  Iwiil  digested  with  water  and  a^ 
much  i^ulphurie  acid  aa  is  necessary  to  saturate  the  oxide  of  lead,  is  com- 
pletely rcsolml  into  Gulphato  of  lead  and  free  oxalic  acid.  (PfafT.  Ann, 
Cfiim,  77,  266) ;  Berthollet's  reinaiks  on  this  ejcperimeat  {Ann.  Chim,  77) 
2iP8,)  are  not  eatisfactory.-^Hyperiodnte  of  lead  digested  with  water  and 
a  quantity  of  sulphuric  acid  somewhat  less  than  that  reqtiircd  tn  take  up 
all  the  oxide  of  lead,  yields  a  solution  of  b^l>Brlodic  neid  free  from  anl- 
phiirie  neid  and  from  byporirjd.ite  of  lead.  (Ueueliiaer.  Ann.  Phm-ai.  17, 
2.17.) — Chloride  of  silver  mixed  with  water  ia  easily  converted  hy  iron 
into  metallic  allver  and  chloride  of  iron,  tho  latter  reinaining  in  solution. 
According  to  Berthollct  tlic  contrary  result  shouhi  be  proiliiced,  since  iron 
ia  more  coherent  than  silver,  ittxA  cliloridc  of  silver  is  insoluble  in  water, 
while  chliirido  of  iron  is  soluble.  These  last  experiments  likewise  show 
that  insoluble  substances,  snch  aa  oxalate  of  lead,  chloride  of  silver,  Ac, 
»re  hy  no  mcana  removed  from  the  sphere  of  chemical  action — Similarly 
Oay-Lu8Sftc  has  shown  {Ajin.  Chm.  80.  21)  that  a  metallic  oxide  inao- 
lublo  in  water  may  completely  precipitate  another  froTii  ite  eolntinn  in  acids 
(ft  oxide  of  Bine  may  preci|iit.ite  oxide  of  silver),  provided  it  be  added 
in  BtiHieient  (|uant!ty  to  satnrato  the  add. — 3  atoma  tif  iron  fused  with  one 
atom  of  teryiilpburet  of  antimony  completely  separate  the  antimony  from 
the  eulpbur,  thoug'h  tin  eolid  or  gaseous  compound  is  formed,  tlie  melted 
euljihuret  of  iron  lying  in  a  stratum  above  the  melted  antimony. 

It  has  also  been  shown  (pnpo  130)  tliai  hydrochloric  aetd  decomposes 
carbonate  of  lime,  and  forms  with  the  lime  a  perfectly  neutral  solution, 
even  under  a  proBsure  sufficient  to  liquefy  carbonic  acid.  Now  since  the 
liydrochlorale  of  lime  is  soluble  aud  the  carbonate  insoluble,  the  qontr.;ry 
effect  on^dit  to  be  produced,  according  to  Bertbollet,  a.i  soon  as  the  escape 
of  carbonic  aeid  is  prevented.  In  a  similar  manner,  liydrochloric  acid 
decomposes  gulpliite  of  limt,  altbongli  that  fnlt  is  nearly  insoluble,  and 
eulpbiirous  acid  has  less  ela<sticity  tlian  bydrochlorio  acici,  inasniUcU  it 
\a  llquelied  by  smaUcx  pressure. 
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To  Berthollet  muflt  bo  conceded  tbe  pre*i  merit  of  liaviog  cloacly 
eomtiniipd  the  theory  of  affinitVp  examined  it  iu  a  new  li^rlit,  mni  dirtottdl 
mitalion  to  the  'laQuencn  ererted  by  cohesion  and  elasticity  ou  ibo  iiiiuii- 
fcstiittous  of  affinity.  But  be  laid  t«o  little  stress  on  tbo  inafrnitudo  ut' 
(itiiaity,  and  tao  muob  on  the  quantity  in  which  substnncee  act,  and  on  the 
iDltuciK^e  of  cobcAion  and  plasticity,  llo  erroneuimly  euppofied  thai  a  body 
which  scpcLnLtcR  in  the  solid  state  is  reinuved  from  the  sphere  of  action, 
tliut  bciiliefi  lire  cupiikle  of  coniblniug  in  all  proportions,  and  that  a  HobntiuicQ 
divides  itactf  bctwrai  two  olhcrs  in  the  proportion  nf  tbeir  rbeniiciii  nioMea. 

SecoDil  HifpothftU.  Ch<!niic(iJ  combiiiationa  are  produced  by  a  pecnliar 
power,  culled  Attinity,  different  from  iiniveraal  attnictioii. 

80  long'  as  it  in  a^fiiiiTiDd  that  uairersLl  uttmcliun,  as  mnuifeeUHl  in 
^raTitaLion,  3ct«  only  in  proportion  to  the  iiiassj  and  that  (he  pocuiinr 
nature  of  a  iRtib^tancc  ba-s  no  influonce  on  its  aiiiount.~it  is  dillicult  tti  refer 
the  nmnifet^taliiina  of  cohcaion  and  adhcj^ion,  and  tniposeihle  to  attribute 
tliuGO  of  aHinity,  to  its  iLcliuii.  In  chemical  phenomena,  the  quality  of  a 
suhataiLce  abovo  all  things  dctomiinos  the  oxistenco  and  strength  of  (bo 
Attraction,  »nd  its  iutlucnco  cannot  bo  replaced  by  that  of  qiinntity. 
Moreover,  a  high  de^^reo  ofaflinitv  nuist  hie  a^eribed  to  the  iiii]iondonib)a 
bodi^,  wbich  are  t)ot  eubJoi;t  to  the  Tawii  of  gravitation.  So  long^  tbero- 
fora  as  it  ehsU  remain  undenionetralcd  that  ^i:rav) Intiort  is  inflnenoed  by 
quality  of  matter,  and  that  the  hitherto  sfO'Callod  Iinpouderablos  pnsvMs 
weight, — or  else  that  tho  phenomena  hitherto  attributed  to  the  affiajtiea 
of  these  bodies  are  really  due  to  other  eanses— eo  \dag  will  it  be  tnort 
advisable  (as  indeed  ntosi  clieimists  at  Ica^t  tacitly  do)  to  tegal^  altinity 
U  a  pcculinF  power  distinct  from  all  othere. 

Third  ififpothegu.  The  iiniou  of  heterogeneous  atoms  18  tlio  result  of 
Eloctrif^al  Attrfletion,   {£leeirochemie<Tl  TfieM-^n). 

In  ^ornfi  of  these  tbeoricfl  a  oommon  fundamental  power  li  MuiBod 
which  shows  itaelf,  (toinetimen  as  electrieal,  sunietintea  aa  rhenti^mJ  forr«; 
in  others  the  combinations  of  ponderable  substance.':,  uniiiflueneitl  by  any 
affinity  of  their  own,  are  supposed  to  artHO  mrreir  from  the  niiiliinl 
atlrncliun  of  the  two  electricities  nttachtMl  to  (heir  iitouis,  which  aUrac* 
tion  is  itself  r^jc^arded  as  a.  kind  of  atKnity. 

To  the  liet  of  clortro-f^beni icilI  thoorieA  belong  thoM  of  Wit)I«»rl 
(A",  (irhl.  6,  I  and  2011;— of  Sir  H.  Davy  (iV.  Ofhl  5,  41,  alto  Elnx.  of 
the  Gltrvnifal  Part  a/  Nat  PA)l.);—ci{  Dmiiaa  (P/tiL  of  C'/^em,  p.  3H8), 
furlbt>r  devrdopnl  and  conteated  by  Orotthius  {PAys.  €hrm.  InteMi^atioH*, 
1.  44}; — of  Ainp^rci  J.  — of  Becquercl  {Ann.  Cftim.  Pkjft.  t4, 

I»2):— of  TvTK  {Ann.' ('film.  Phijtt.  2j^,  417); — of  Schwpi;r|:«r  {SiAm.6, 
4»;  G,  S.'iO;  7,  302  and  515;  8,  .107;  II,  54.  330  and  4^5;  14,  510;  iJI, 
138;  31t. -^H;  40,  y;  44.79;  52,  87);— and  of  Fecbner  (.?rAw.  58,87). 

Thfl  elo<-tro-cbcnitcal  tbeorr  of  BcrxeliuiH  demands,  afl  Iho  fullert  iml 
mml  consecutive,  a  more  detailed  explanation. — Coinpounda  aauallir 
rnllnd  elieuiieol  are  divided  into  two  clasKos.  The  frta  ijiti'mnit  whoM 
(oniiation  in  attended  with  lowerinc  of  tomppniture — e.tf.  «<i]utiou>  of 
salt'  in  water^niust  bo  regarded  (ein'-o  all  nolid  bodii'.i  are  nut  eolublu  m 
wnirr)  an  resullin);;  from  ■  fpeciflc  allraction  (romp.  34  I,  f):  lk« 

atoniHof  tbo  i-inlid  bncjy  difTnm  ibemeelves  thrungb  the  liquid,  ti)l  wmA 
atom  in  Bamiunded  by  an  or|nal  niindK-r  of  fitoma  of  [he  liquid. — The  MV* 
fMMftfiff  eoin|itiund«  onr  the  rvnliv  clirmieiil  or  eloclro-chi'miral  comiitiia* 
tioiu.  Tlie^e  result,  not  frum  any  miMi|]|]  nitinity  lietwc>en  tbvir  pundoratiW 
•lottnl*.  bnt  from  thai  of  the  el<<otririlios  allawliod  to  thoir  ntoRDi.  Tbe 
staiB  0/ emch  euiMlancc  llui&  two  |Kjtee,  oq  whicU  the  two  oppgait*  (d«othcitiii 
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arc  accnmulated  iu  different  proportions,  according  to  tho  naturo  of  tliB 
Ludie».  Tho  alom  of  many  rjudie«f  ojygeu  for  in^sUiut-e,  liaa  a  largo 
quantity  of  uegative  olcctrkiiy  attacLcd  to  one  «f  its  pok-s,  nad  but  tt  very 
friiinli  <|UiLQtUy  uf  jiositivo  electricity  at  t!io  otlier;  th»t  of  other  bodies, 
potiu^e^iuin  ibr  ^xn^l]|kltl,  lias  a  largo  i^uiuitity  of  jiirBitiro  eleclricity  at  vuo 
polo  ami  Tcry  little  ucjratiVG  lileBtricity  at  t!ic  otter.  Tliua  thu  elyiuonUry 
ijulifttuncos  are  Jivicted  iutd  eUctro-n^fffdive  and  eiedro-po^ilice.  To  eat:li 
element  liowcvor  tbere  Lelonfrs  a  particular  proportion  bctwOcn  tlio 
fjuantltius  of  tfie  two  eloctricitiea.  Oxygen  lias,  of  all  tW  electro- 
nogativo  eltmenta,  the  greateeli  ((iiantity  of  negative  electricity  at  oue  of 
ita  polos  and  tbe  siualkst  r^iiantJty  of  positive  electricity  at  tbe  otlicr — 
tlien  follovpa  i^ulpLur,  tlien  nitrogen,  Sic,  iind  lastly  liydnjfieii.  in  wliitL 
tins  quantities  of  tho  two  electricitieai  aro  nearly  o(|Ua.l,  Of  all  electro- 
positive substances,  potfLgfiitini  has  thn  largest  quantity  of  positivo  and  tho 
fiitialk'st  of  negative  electricity;  and  tliis  iuequinlity  confinunlly  diminitilics 
in  otliGf  bodiei),  till  we  couifl  to  f^old,  in  ivhieh  lli8  positive  electricity  pro- 
dominates  but  little  over  tbo  i]e;i?iLtive — eo  that  thU  e!f.'mont  otiewpios  the 
iioit  pliicc  to  Jiydrogcn.  Aecording  to  ihi-s-,  tbe  elemontd  Bucceed  one 
anutlier  in  the  eloctro-chemical  series  of  Bflrzelius  sa  follows,  Ueginnitig- 
with  tbe  electrn-Hiegative. 

Ei^etrehnrtjative:  0,  S,  N,  F,  CI,  Br,  I,  So,  P,  As,  Cr,  V,  Mo,  W,  U, 
C,  Sb,  Te,  Ta.  Ti,  Si,  H. 

Electro-positive:  An,  Ob,  Tr,  Ft,  Rh,  Pd,  Hg,  Ag,  Cu,  U.  Bi.  Sn,  Pb, 
Cd.  Co,  Ni,  Fe,  Z:i,  Mn,  Ce,  Th,  Zr,  Al,  Y,  G.  I\l{,'.  Ca,  Sr,  Ba,  L,  Na,  K. 

In  tho  conibluation  of  nn  dectro-UGgaCive  witli  lUi  olectro-poaitivo 
body,  the  predominant  De^tive  electricity  of  the  former  united  with  the 
preuoininant  poaitive  electricity  of  tbo  latter.  Before,  however,  combi- 
natioii  ttikes  place,  the  former  ttubtftauce  exhibits  nof^ative,  and  the  latter 
pg^itive  electricity  iu  tho  free  state;  and  tho  t«peiou  of  the  two  cloctrici- 
tic)»  ccntiuiiii.lly  lucrea^ee  as  the  bodies  approaah  the  tomperaturo  at  which 
combination  takes  placp.  Hence  we  have  an  explnnatiou  of  eltXtj  icUff  iiif 
coTitaci.  At  tbe  instant  of  combination,  the  uCgativo  poles  of  tho  atoii.ia 
of  the  6rfit  body  turn  themselves  Ivmirds  tbe  positive  polos  of  thoiso  of 
tho  BDt-oiid;  and  Etiitce  it  is  only  in  tbo  Ouid  state  that  tbe  atoms  poeges* 
the  niobility  necessary  for  this  arrangcincut,  it  follows  that  eolid  bodias 
h^ve,  generally  speaking,  no  chemical  action  on  one  another.  The  two 
eWtricities  of  these  poies  now  coinhitic  and  produce  hra,t  or  fire,  Mrbore- 
upoii  they  disappear.  In  fivery  cbemieal  combination,  therefore,  a  neu- 
tralieatiun  of  the  opposite  electricities  takes  plac*,  by  which  heat  or  fire 
IS  produeed  in  the  same  manner  ah  in  tho  discharue  of  tho  elcctt-ical  pile 
or  of  lightning,  cxc^ptin^c;  that  these  laet-mentioiied  phenomena  are  not 
MOOmpanied  by  any  cliciiiical  combination,  at  \east  of  ponderable  bodiea. 
Brory  chemical  combination  ia  therefore  an  electrical  pheuomouou 
depending  on  the  electrical  polarity  of  the  atorau. 

Since  the  elcctrieal  series  docH  not  accord  with  the  order  of  affinitr — 
aiuoe  for  example,  the  highly  electro-iie^'atiTe  eubetance  oxygen  liaa, 
acoordini;  to  cipcriraentj  lees  tendency  to  combine  with  the  electro-posi  tivo 
body  gvld  than  with  sulphur  which  atamls  next  to  oxygen  in  the  electrical 
serice— Berzeliue  auppwsea  that,  although  in  the  atom  of  gobl  the  posllivo 
electricity  of  the  one  pole  is  fif  ^-reafcr  amount  than,  tho  negative?  electrity 
of  the  other,  nevortbeleisa  tho  absolute  rptarility  of  [Kositivo  electricity 
existing  at  oue  pole  of  tho  atom  of  gold  iw  lees  than  that  which  is  present 
at  one  polo  of  the  atom  of  sulphur, — tho  latter  cuwUiiiiiutr  however  a 
much  greater  ijaautity  of  uegativa  elcctngity  al  Ua  y\.Uct  v"^'*^^^'^ 


goM-atom  poKsceseB,  Sui>pofle  for  ioslaiMM  that  the  quaTittty  of  ne^tivo 
electricity  at  ono  ih'Io  of  (he  gold-dtom  =  1,  of  tte  pMitive  cWtricity  &t 
the  olltcr  —  2,  of  tlifi  Hegiitive  (it  one  pole  of  tto  Bulphur-atom  ^  12, 
ami  that  of  the  positive  at  tLc  other  pole  =  4;  then  tliO  positive  electri- 
city will  preKlotiiiniLte  in  tlie  gold  atom  and  the  negative  in  tbc  tiilpljur, 
Wt  the  solphur  will  poaseaa  a  inucb  higLer  degree  of  elretrlfal  po/aris^ 
tion  tlinn  the  golil;  the  positive  electricity  acconi dated  »L  its  [xisttiTa 
pole  will  therefore  be  able  to  neatraliEe  a  greater  quantity  of  ncgativo 
electricity  in  the  oiygen  than  the  positive  electricity  of  ibe  gold;  benoe 
the  greater  temlency  of  oxygen  to  conibiue  with  sulphur  ihaa  wilb  gold. 

In  the  same  body,  the  degree  of  electrical  ]»oiarittation,— i,  <.  the  abso- 
lute quantity  of  the  two  electricities  in  the  atomic  poles — varlea,  accordiii  J 
to  Berzeliua^  with  liic  temperature,  mid  is  generally  increased  by  eleviv- 
tion  of  tcniporatn re.  Many  boiliefl,  such  as  c-arbou,  which  appear  to 
havn  but  very  nenk  polaris^tiun  at  common  tempo raturef,  often  bec«n« 
highly  polari™!  at  a  red  heat, — beneo  their  combination  with  oiygcn  At 
that  tcmperatnre.  Many  substnnceN,  on  tlio  cootrarv,  «uch  ii&  gold, 
whieb  have  altogttber  but  weak  polariBatioii,  fn.'qucfit]y  show  it  in  • 
Breater  degree  at  low  than  at  high  tewpemtures,  at  which  indeed  it  oftea 
diaa-ppcars  entirely. 

Electro-negative  bodies  in  comttnatioD  with  osygon  generally  foria 
electro  negative  compounds;  e.  jr,  eulplmr  produces  sulphuric  acid;  cloo- 
tro-posative  substances  gire  electro-poeitiTe  compounds;  e.y.  potassium 
proflijces  potash. 

The  decomposition  of  a  coropound  produced  by  clectro-chenjical  ncn- 
trutixutioa  can  only  take  place  when  the  elements  have  their  fonnor  polq- 
Tity  restored  to  them.  That  the  united  elements,  after  the  neutralizatioa 
of  tb.cir  opposite  electrical  etaLea,  are  held  loc^cther  by  a  futee  whicb 
resists  all  mechanical  means  of  separation,  does  not  result  from  any 
innate  power  (affinity);  otherwise  the  permanence  of  the  combination 
wonlil  not  he  subject  to  the  influence  of  electricity.  Rut  the  most  inti- 
mate chcinieal  enmbination  may  be  destroyed  hir  restoring  the  electrical 
polarity  of  the  elements.  In  tiiis  dcconi position  of  compouud^  by  the 
electrical  cnrrcnt.  the  acting  electricities  disappear  and  the  (.>Iomcnt« 
rcaf^unic  their  former  cheniiml  nud  electrical  properties.  If  A  B  if 
reeolved  by  C  into  AC  and  B,  C  must  have  greater  intensity  of  electrical 
polnrixution  than  B,  Hence  there  results  more  complete  neutraliza.tioa 
between  A  and  C  than  that  which  l>efore  eiListed  between  A  and  B;  tbU 
gives  rise  to  development  of  heat,  and  B  renpfwars  with  lis  original 
polarity.  A  subetance  capable  of  combining  with  others,  Bometitnee  aa 
an  cloclro- positive  soDietiiuea  iw  an  cleetro-ncgalive  clenieut,  can  only  bo 
separated  from  t|ie  first  mentioned  combinations  by  bodies  still  mora 
poftitivp,  and  frnin  the  laltcr  hy  Ixiidiee  istill  more  wegalive:  r.y,  sulphur 
cnn  ouly  he  sepamtod  from  its  combinationa  with  oxygen  by  bodies  whicli 
are  more  positive,  and  From  its  combination  with  load  by  bodioa  whicU 
are  more  negativp  than  itself. 

This  theory  of  Bcrzelins  is  encninbercd  with  the  following  difficnlUflii 
— Kn  precif^o  demarcation  cnn  be  drawn  Tfetwevn  Tesit  intimila 
chemical  cninbinatioiiit  supjwswl  to  ht*  pnwluceci  by  atbnity  and  (hp  mora 
intimate  once  whif-h  arc  a.*cribcJ  to  electrical  action.  At  all  rvontit  it 
doei^  n(>t  ftiHMii  eonfoniiabic  to  nnliirc  to  nsniime  the  cuist^ncc  of  two  totally 
different  nanocH  fiir  the«y  two  very  stitiilnr  elnwses  of  cniniHiii»rl«.  Ae~ 
cording  to  this  view,  one  atom  uf  milphiiric  a*ii>l  fthoiild  combine  with  llic 
jSnittroarihroe  aloma  of  watiir,  not  by  affinity  but  by  cleolrioal  attreclion, 
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and  witli  any  furtlicr  tjuftutity  of  water  by  affinity^.  Nnw  if  eulphuric 
acid  conibini^  with  throe  atoms  of  wjiter,  possess  iiiHtiity  for  water,  why 
Ehould  not  the  aamc  riciil  when  pure  or  when  cotuliined  with  one  atom  of 
wtttar,  alao  liave  atti]iil.y  for  water?. — (2).  What  is  ittliat  induces  the  two 
clectricitica  to  accumutatu  each  by  itself  in  definite  quantity,  on  two 
opjiosito  points  of  an  atom  which  must  bo  rcgnrdcJ  im  a  hrnnogL'nooua 
mac&l  What  prevents  tEicir  combLnation ?  Are  the  atoma  of  all  bodies, 
even  of  meUilB,  perfect  uoii-eonductors?  Again,  ivhcu  eulphur  aud  lead 
arc  nieited  togeLher,  iha  negative  electricity  of  the  sulphur-atoms  ia  siip- 
pHjscd  by  fimrjetius  to  combine  with  the  poaitive  electiieity  of  tlto  lead- 
atums,  the  comhiuation  bein^  aceonipanied  b^  a  development  of  light  and 
liQat.  Wby  docji  not  tbo  negative  electricity  at  one  pole  of  an  atom 
<jf  siilpbnr  couibine  with  the  positive  electrii-iLy  at  the  oppoBitc  polo  of 
another  atom  and  produce  fircj  when  the  sulpliiir  is  melted  by  itself! — 
{3).  If  coiiibiuatigns  are  produced  not  by  the  affinity  of  the  elemeut*  but 
by  electrical  polarity,  every  eubstancc,  simple  or  compound,  fihould  be 
capable  of  combining  with  every  other  whoeo  atomic  poles  contain  th« 
t\ni  electricities  in  different  proportions;  why,  for  example,  should  the 
prcdoiniuatiug  positive  electricity  of  mercury  combine  with  the  negativ<j 
electricity  of  tellurium  and  nut  with  that  of  carbon  t — (4).  It  is  not  easy 
tfk  discover  by  what  force  combined  snbstanges  are  held  togoLher.  Tbo 
Jietoogeiieoiis  ittoms  unite  in  couseijucnce  of  their  adhesion  to  the  oppo- 
site electricities ;  but  when  tbcao  have  tieeii  neutralized  by  combination, 
it  might  be  expected  that  the  atoms  would  fall  asuuder  and  allow  tbcm- 
Helves  to  be  easily  separated  by  friction  and  otbor  mecbaiiiual  forces, 
wbicb  13  by  no  meauA  the  cose.  In  order  to  overcome  thia  difficulty, 
Dumaa  supposes  [I'hitos.  of  Chtm.)  that  in  the  combination  of  oxygon 
and  hydrogen,  for  example,  the  negative  pole  of  the  former  places  itself 
towardtt  tbo  positive  polo  of  the  latter,  and  the  positive  pole  of  the  former 
towards  the  negative  pnlo  of  the  latter;  moreover,  that  tbo  atoms  can 
only  give  up  the  electricity  of  one  of  their  poles — that  it  ia  only  on  this 
eide  that  electrical  no  u  trail  station  takoa  place,  viz.,  of  the  negative  electri- 
city of  tha  uxy^^eu  with  the  positive  of  tne  hydrogen — that  on  the  contrary 
the  electricities  of  the  two  other  pok'fl^  viz,,  tbo  poeitivo  of  the  oxygen 
and  the  negative  uf  the  bydro^cu  remain  micombined,  and  hold  the  atoms 
united  by  their  mutual  attra«tiuu.  But  tliia  a-MSumption — that  the  electri- 
city of  only  one  pole  uf  an  atom  can  combine  with  the  opposite  electricity  of 
another,  and  that  those  of  the  other  poles  are  incapable  of  uniting — would 
uot  only  be  a  new  c!U||^wa,  but  adiiuts  of  positive  coQtradietion;  for  in 
tbe  combination  of  suJpbuc  with  gxyg^en,  the  fpsitiv^  electricity  of  the 
sulphur  mast  unite  with  the  nei^tive  of  the  oxygen  j  and  ju  the  com- 
bination uf  sulphur  with  the  metals,  it^  negalive  electricity  with  the 
positive  of  the  metal.  Einbrodt's  explanation  (Ami.  Ckim.  Pky*.  Gl, 
2tl2 ;  aUo  ./.  pr.  CAem.  8,  3^5,)  ftj;reea  in  the  main  with  that  of  DuiuaS. 

The  theory  adopted  in  the  present  work  id  as  follows; — Poudenible 
bodies  have  affinity  for  one  another.  The  two  olectricitica  are  aubstaneea 
wliicli  likevrise  possess  atb.oity  fur  eacU  other,  and  by  whose  combination 
lu  tbe  proportions  in  which  they  nditralixe  each  other,  heat  (fire)  ia  pro- 
duced. The  individual  electricities,  and  likewise  beat,  liavc  conHidemble 
allinity  for  ponderable  subBtauces,  and  are  united  to  them  with  greater 
force  and  in  greater  quantity,  the  more  simple  these  ponderable  substances 
are.  Ponderable  bodies,  according  to  their  nature,  have  a  greater  or  leaa 
excea^  of  positive  or  negative  electricity  nuited  with  them  in  addition  to 
a  dulinite  iitiantity  ofhcat.    Thm^  oxygen  probably  couViXaa  ^-o  ^tssiiyeA 
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qantJtity  of  pofftiV,  ami  pota^iiim  of  Mfijn^i'i*  eloclricity.    Bodies  lying 
between  the^e  two  extremes  contain  n  (arper  qnantilyof  Iietit  witb 
smiLller  excess  of  one  or  tlto  other  kiud  of  L'icctricity,  the  pni[Mirtion  «f  j 
wliich  varies  greittly  according  to  their  natnre.—anJ  thus  /)mi  an  tdeo-j 
trifiil  son«e  M-hich  jierh>ip«  coincides  witli  thu  column  of  a^nity  of 
oiygen  (p.  144). 

'J  ho  coinbiuation  of  two  ponderable  bodies  is  the  reauH  of  two  fotce^ 
viz.,  the  affinity  of  the  ponderable  bodios  for  each  other,  and  the  affinity 
thu  electricity  which  19  in  excess  in  the  one  body  for  the  opposite  eloo- 1 
tricily  whfch  predominates  ia  the  rithor.     By  thoee  two  forces  tho  affinr(j-| 
of  the  electro- negative  body  for  the  po^jltivc  electricity  utiitcd  wilh  it,  J 
nnd  th.a-t  of  the  olcctru-poaitive  body  for  the  p^-ffntive  electricity  coinbiticd  | 
with  it,  are  fivorcoine,    TIio  result  is  heat  and  the  poDderablr  comjHniiid.  1 
Tho  latter  retains  tho  eicesa  of  positive  or  nef,iilive  electricity,  by  whicb  J 
it  iLfl^uirM  either  an  elect ro-oegiative  or  electro-positive  character,  and  J 
likewise  jMirl  of  the  heat — while  another  portion  is  set  free,  and  ^ire*  1 
riee  to  the  development  of  heat  or  firo,  by  which  most  chemical  combi-  J 
nations  are  aflcompanied.    When  combination  takes  place  between  twa  | 
l)ndiefi,  both  of  which  contain  an  execs.*  of  tho  same  kind  of  electricity—-  | 
e.  ff.,  oxygen  und  Fnlpbur,  which  conlain  frcn  positiTe  electricity  in  dif-  I 
ferent  quaDtitles, — it  is  simplest  to  suppose  that  the  conibiiiiition  \»  tli4  j 
reaott  merely  of  tho  alStiity  between  the  two  ponderable  bodies,  that  tlifl  I 
new  compound  contains  the  Biim  of  the  excesses  of  positive  olcctrfcitv',  | 
and  that  tho  development  of  beat  is  n  con'ieqiienco  of  the  innbility  of  tuo 
new  cdniponnd  to  retain     much  heat  united  with  it  as  waa  before  con- 
bineil  with  its  constituent?. 

When  a  ponderable  componnd  is  decotnjMised  by  elovation  of  temperJif  j 
tnro — J.  oxido  of  silver  iit  a  red  heat  into  oxygen  gtw  and  silver — it  I 
niny  he  Bnpposo*!  that  the  affinity  of  silver  for  negative  olectricil^  +  that  j 
(yf  oxy^n  for  poaitiva  electricity  +  that  of  htat  for  oxyeen  k  ^rMtof  j 
than  the  affinity  of  silver  for  osyffen  +  that  of  the  two  electricities  for  j 
each  other.  Hence  part  of  tho  heat  ia  reeolvcil  fnto  its  elements  uidJ 
unites  ncj^ative  electricity  with  the  silver  and  pontirc  with  the  oxymil 
(.SViA.  lUl).  The  decoinpoaitioDS  of  ponderable  compound''  by  pondenuila  I 
enbstances  may  perhaps  take  place  as  follows.  When  ohJorino  at  a  redj 
hcnt  exiK-ls  OTVgei)  from  potJL*h,  forming  chloride  of  potavCf^ium,  it  tranifaa  J 
that  portion  of  positive  eleclricily,  which  in  combining  with  pure  patw-l 
f'xaMi  it  wouUl  hnvo  given  up  to  the  negative  electricity  of  that  substuw  J 
— t"  tlif'  oxygen  which  has  lost  it?  own  pusitifc  electricity  by  combining  1 
with  the  pot!i^.^ium  (.ScA.  102). — When  potasfium  in  contact  with  water  J 
pn>duGca  potash  and  bydrogeu  gas,  the  negative  eteetricity  of  the  potat-  | 
«ura  pnea  over  to  tho  ilisengnged  hydrogen,  whicli  m  forming  wntcr  hud  ] 
provioasly  given  up  its  own  negative  elcctriciJv  to  the  pui-itivo  electricity  1 
of  the  oxygen  (.SVA.  103).  The  eame  takes  place  in  the  solution  of  sino  I 
in  dilute  sulphnric  acid :  its  negative  oloftricity  goes  ovef  to  th*  psrupina 
hydpo;,-cn  f,Tia  {ScA.  104).  [For  llio  explanation  of  the  doconiposition  (if  I 
cdiiiiHinndM  by  tho  electric  current  according  to  thia  hy^wthcl!i^  vid. 

ft.  Dynamie  llypotketU.  | 

A  mibsttiDCO  wLich  to  oiir  seniee  .ippearn  continuoiw,  lik*  Am,  t» 
UVowIm  •»  in  reality:  it  does  not  therefore  coni-i^t  of  atoms  ana  amptj 
■JWX'*,  hilt  fill*  coinpb'ti'ly  llio  sptirc  included  I»elwfcn  it*  nufteet.  i 
Hattvr  if  tborvfvK  cnjwblo  of  vKpanding  and  coultoctLug  by  rinoe  of  ita  I 
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own  intrinsic  tiatiirOj  not  in  ton sfif] nonce  of  the  widening  or  narrowing  of 
pores  contitinoii  wiiliin  it.  In  chemical  Cfmibtnatiun,  the  cleinonts  Lave 
tlie  power  of  ditl'u»ing  themselves  (Lroiigh  each  other  witlioui  limit,  eo 
that  in  tlie  Finallest  point  of  the  c(hni[«>iin.d  botli  elements  elto  alike  prc- 
eent; — the  elemeuts  do  not  lay  tliomaclvos  aide  by  aide — they  jfmeii'aie 
each  other. 

A.  Kant^s  Thtforif. 

Matter  16  a  Aelf-exifitent  esgoncc,  ancl  is  actuated  hy  two  furoes,  the 
force  of  attraction  and  the  fo^rce  of  r^pulaion.  It  may  indeed  be  pressed 
to^'cthtr  by  external  forte,  but  only  to  a  cortain  point, — for  its  rtipulaive 
forco  iuercQ^ioa  with  th&  cood&nmtion.  The  action  of  different  kinds  of 
matter  on  caeli  other,  thereby  through  tlioir  inuiitc  forces  tlicy  alter  the 
oombination  of  each  othei-'a  parts,  ia  cliemical  action;  it  conaists  soiac- 
timi>a  in  eolution,  somotinies  in  deeompositioti.  A  perfect  aolution  would 
be  aiich  aa,  in  its  smallest  particles,  would  contain  the  heterogeneouB 
Bulistnnces  in  the  same  proportion  aa  in  the  whole.  Kant  however  leavoa 
it  undecided  wliether  eucb  a  solution  is  ever  actually  formed;  bat  it  may 
be  imagined — for  if  the  action  of  the  solvent  power  be  cMtinued,  tha 
diviaion  must  still  go  on  and  that  without  limitj  so  that  ultimately  the 
Tolume  of  the  solution  will  be  uniformly  filled  with  each  of  the  two 
elements  at  the  some  timc^  and  thus  they  will  have  penotratad  each  othor. 
(Kontj  Ai}/antj8gr.  d.  A'^aCttrwmejischciJi.    Aufl.  5,  e.  75.) 

S.  ScMUng\  Theorif, 

Matter  is  not  an.  original  essence,  but  Jerivos  its  origin  from  tLe  con- 
flict of  the  attractive  and  the  repulsivo  force;  and  its  YarioiL^  qualitioa 
depead  upon  the-  tiuantitative  relation  of  Lhcae  primary  furccs.  Cliemical 
fcctiou  ti^kes  place  only  belwcou  Leterogenoous  bodies,  those  namely,  la 
one  of  wiiEch  the  relatiun  betwecti  the  primary  forces  is  the  rovorseof  that 
iu  the  othor.  The  resulting  cgiupound  is  the  mt^an  dynamical  ratio  of  the 
primary  forces  whlcli  have  been  brought  into  activity  during  the  procesSj 
ftnd  ConSe<|uen(ly  its  properties  differ  essentially  from  thot-e  of  its 
eEementSt  (Schelling,  JJveii  m  einvr  FkUutQphif  Jar  Aaiwr.  Aufl.  2, 
ISOg,  s.  453.) 

[Faraday;  Speculation  CQHtemintf  ihe  I^aiure  of  MaUcr.  rhit.  Hag- 
J.  24,  lao.j 
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SPECIAL  CHEMISTRY, 


TEEOKY  OF  THE  AFFINITY  OF  INDIVIDIIAL  SUBSTANCES. 


SECTION  I. 

CnEMIESTBY  OF  iMPQNDBItABLR  BODIES. 

The  I]n|]on<lera(>le  Boilies,  ImpoDdemblcG,  Ethereal  Suhi^taMrc?. 
Huilbiit  ruw«r»,  or  Iiivnci'ciltks,  are  distingui^b&d  fruni  puuderabitt  buU> 
stnnwt!  cliicfiy  by  the  fullQwing  cWmcter^:. 

1.  Thoy  ftre  witliout-  weigLt,  go  far  at  leiiat  113  P«r  balances  cm  ahow. 

2.  Tbcy  are  in  tbo  hi^liet^t  Jug'ree  exptinsible, — and  tbei^fore  whvil4 
iti]er|ually  dititnbuted  dilfuee  tlieaisGlvc^— for  tbo  moat  ]iart  quickly  mnil 
liy  radiation  in  alraiglit  linoS— thtoUgli  thosn  Spaces  wbitli  offer  no  oppo- 
sition to  tlioir  progress. 

3.  Tiicy  penetrate  bodies  wbicti  are  impenctrallo  to  all  j><mdL'nJ>l*' 

Gub^tiiltcCs. 

4.  Gencriilly  speaking,  they  nianifeat  tlienisolvea  Jlrcfltly  to  but  few 
of  our  souses  ;  inngnetisni  to  aOiic,  ligliL  and  heat  to  oU^,  Only  vlcclrictt^ 
alone  to  eovcrul. 

The  propertica  lierc  noticeil  certainly  remlcr  it  doubtful  whctlicr  tbo 
suusntions  of  light,  hstd,  tiC,  nbould  be  attril)Utod  to  tbo  lUrect  Ai-tion  of 
ppculiar  kinds  of  iiiaittT,  or  wbtther  (bey  itre  not  ratlier  caused  by  tbo< 
viliruiions  of  certain  Auppo^d  elastic  Auida  of  oxtrcuio  tocitiiiy,  liku  tbo 
luMiitious  ctlier,  &c. ;  tbo  former  isuppositiuu  \a  bowcvor  the  elitipler  uf 
Ibe  Iwo,  und  better  lulimted  tbaii  iho  latter  to  a  chemical  view  "f  tbo 
GubjuL't. — According  to  tlie  untlubitory  llieory,  tho  coloured  rays  of  light  1 
arn  tlistiiiguiBhcd  Fruni  ono  auothcr  by  Lbe  difleretit  breudLbs  of  th<!  wnvna 
nf  tlH^iiniinoos  ether;  and  when  tb(>y  all  fall  on  th«  eye  Logv'tbiT,  tb«y 
jtrvJucc  the  EUiitiation  of  pure  colourless  light.    How  ditl'creiit  would  ba 
tb«  iinpnuwion  produml  by  tbo  whole  aeries  of  souiiJ-wavoa  tf  Ihey  wc«i 
all  to  invade  the  ciir  ut  ouec! 

TIi«  InipondL'rablL'H  are:  Light,  Heat,  Electricity  and  Maj^etiun :— 
A<>  thwo  flubbtnncea  are  all  fuUy  discuaaed  in  phy&]c«,  wo  ibtill  ia  thi* 
work  confine  uuraclvc^  principally  to  tbo  chemical  relations  of  tho  Itrvl 
tliroo  towiinl*  iMinileniblo  UidiL'x. — cniiittiu^  i!i«i;nvtisni,  which  appmr*  to 
i.'x<-rt  uo  iiitlucucc  uu  tW  ^^hctokal  rekktions  of  poiidvrublu  borlicn. 


Cqafter  I. 


LIGHT. 


Oil  Light  in  fftjural,  and  its  relations  to  Heat. 

C,  W.  SchcelG :  Von  der  Lufi  unit  dm.  Fetter.    Ups.  aud  Lffips.  ITTT.  p. 

61,  also  Opim.  I,  21. 
Herscliel,  un  the  Keating  «nd  Illuniiaatinf'  Powera  of  the  ColoiireJ  Solar 

Rftys.    J'hil.  Tram.  1«00,  II,  255,  202j  HI,  437;  tilso  Gilb.  7,  137; 

10,  68;  12.  521. 
Karsten,  OD  the  Solar  Hays.    ficArr.  J.  7,  6(33. 

C.  W.  Bockman;  Uebfr  t/ie  EiiPiinnung  ver$cfmdentr  Kvrptr  ^iiirch  die 

S'jmiensirahlen.    Kfir*h\  1811. 
Seel)crk,  on  tho  Heat  of  Prianintic  Rays.    Schw.  40,  123, 
Flaugci-ifucs,  on  the  HeatiDg  Power  of  tte  fiaa  during  a  Solar  Eclipae, 

J.  "Plitjs.  92,  435. 

Baden  Powell,  on  Solar  Light  and  Heat.    Ann.  PkiJ.  23,  322  and  401; 

24,  ei  and  287;  23,  201. 

  On  Terrestrial  Light  and  Heat    Ann.  Phil.  24,  181;  25,  201. 

B^rard,  on  tlie  Physical  and  Chemiccil  Propetties  of  the  of  Solar 

Lig'bt.    Report  thereupon  ty  BorthoUet,  Chaptal,  and  BiuL  Gilb. 

46,  376. 

On  the  Chemical  Aciwii  of  Ztght. 

Hitter,  on  the  Chemical  Rays  of  Light.    Gilb,  7,  527;  32,  409. 
\VolIaston,  on  certain  Chemical  Efleota  of  Light.    Gilb.  39,  aui. 
C.  W.  Bik^kinann,  on  the  Action  of  Light  upon  Phosplinrua.    Sc}tei\  J. 
.%  243. 

A.  Vogel,  on  the  Action  of  Light  upon  Phosphorus.    ScIiuK  7,  9S;  9,  23R. 
Gay-Lusaao  Si  Tbenard,  on  the  Chemical  Action  of  Light.  Sehii/.  5j  219. 
Seebeck,  on  the  Chemical  Action  of  Light;  in  Giithe  twr  Farbenlehre,  2, 

71G;— likewise  AWhc.  2,  2fi3;  7,  UD. 
Bischof,  on  the  Action  of  Light  on  a  Mixture  of  Chlorine  and  Hydrugi?n 

Gasca:  in  hia  Lehvh,  d.  reinen  Chtmie,  1,  93;  Kaein.  Archiv.  1.  443. 
GrotihuBs,  on  tho  Cheaiicat  Activity  of  Light.  GilL  61,  50; — in  detail  in 

his  PAj/g.  Cfiem.  ii'ch?-i/teii-,  1,  1. 
O.  Succow.  Die  C/itrniBshen  Wirhmffm  drs  Li»M«.  Danml,  1832; — alao 

/■lyt/.  32,  2S7. 

0.  Langrebe.    U«hfr  dtxs  Licht,  vormgsuvixe  iibey   die  Chetnitchen  und 

Pki/tiQ{ogiiChen  Wif^tingeii  deggslheu.  Marb,  1834. 
Dulk,  on  the  Chemicul  Action  of  Light,  J,  pr,  CA«ni(r.  3,  225. 
Hess!<?r.  Chemical  Action  of  Refracted  Ltght.   Zeitsehr.  Phys.  Math.  3, 

336. 

CJievreuK  Action  of  Light  on  Coloured  Tissues.   Ann.  Citint.  Phgs.  66, 
71. 

Malagnti.  Chemical  Effects  of  Light  passing  throngli  TarioUB  Flmda.  Ann, 

Chim.  Phge.  72,  5;  abstr,  Pogg.  41),  5H7. 
Draper.    Chemical  Action  of  Light.    Pkil.  Mug.  J.  16,81-,  IV^'?-^- 
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Hunt,  on  the  same  subject.  Phil.  Mag.  Jnn.  16,  \%%,  antl  268;  Further, 
Phil.  Mag.  J.  24,  9«;  26,  2j  and  276. 

On  ihf  Daefuerralype :  Arago.  Ann.  Chim.  J'hi/g.  "1.  313:  «W  Pogjf^ 
48,  l»3;  also  Ann.  I'harm.  31,  216;  also  J.  Pr.  Cfievt.  18.  215— Biot. 
Poffff.  48,  217.— Fyfe.  A^.  PAH.  J.  28,  203.— Hunt.  /'A^A  Ma^.  J, 
l(t,"270;  17,  260.— Draper.  Phil.  Ma^.  J.  17,  217.— Fiacaii.  J.  tftarm, 
26,  581.— HerflcheL  PAii.  Mag.  J.  22,  120.— Claudet  i'Ai/,  -Very.  J. 
32,  88. 

Ob  Phogphoretcence  in  General, 

PIm.  Heinricli.    Die  PAospkoreacaa  der  Kiirper.     Abbandl.  1  bia  fi. 

Number^'.  1811,  bis  20. 
OauaigQ^B,  mx  lea  Fbosphorescences.  J.  Phys.  68,  444;  69,  .'>;  78,  41; 

74,  101,  and  173  (the  later  memoirs  al«o  in  ischw.  8,  70,  und  112). 

0»  tAtf  PAdt})Aor«<iMnM  nf  Living  Animalt  and  Plantt, 

VHHani,    Phofphorescffntia  Maris.  GonuiB.  1805. 

Spallanzani,  on  PliospliurcscuEt  Medusaj;  in  bis  ifci'*n»  durch  beide  Si^ 

liirn.  Leipz.  4,  173- 
Trcriranus,  ou  Fbospborcscent  Appuaranccs  in  Organic  Nature;  la  liia 

liiolog[«,  5,  81, 

Macartocy,  on  Luminous  Anipiiils,  SdiuK  10,  400;  also  Gilb.  61,  1,  nnd 

113;  ill  the  last,  with  obacrvutiona  by  THetius. 
TWebmi.    luvestigntions  oo  tbo  Luminoaity  of  t!ie  Sea.    Oillt.  61,  36. 
GrotthasA,  on  tbe  Ph&spborescetice  of  Lamj^yris  Ttolica.  Ann.  Chim.  64, 

38;  also  A*.  Grhl.  5,  613. 
Maottire,  on  tbe  Pliospliorescencc  of  Lampyres.   Bif't.  univ.  1821,  Mtty; 

hIbo  Ann.  Chim.  Pky».  17,  151  ;  also  GHh.  70,  265;  abetr.  Schte.  33, 

254. 

Carua.  Phospboresecnce  of  tbo  Lanipyria;  in  tbe  Anaiektc  Jiir  I/aiur- 
urisgrrtscha/t  u.  fitdkunde..  DresdoOi  1829,  p.  160. 
Phosphorescence  of  lAe  Sea :  WesBtroetn.  Gilb.  2,  352. — Labillardi^rt, 
GiS).  30,  16fl. — Le  Gont'il.  Sammi.  von  Iieige(>cncArabwgen.  Hambiirj^. 
Tb.  1. — Ncwiand;  Bajoii,  Cundremifra;  Dlijaeniaro :  lu  Rotiirr  Oi*tfrva- 
tiont,  2,  13;  3,  104;  5,  451;  6,  Sli). — Cook;  Spamiann;  FomlcP:  ii*  !*« 
Accounis  of  tJuir  Voyages.  —  Hellwig.  Gilh.  30,  126. — Artand.  Ann, 
Maritim,  et  Cvhnufl.  1825,  364;  abetr.  St^w.  52,  319.— Pfiiff.  Hehtr.  52, 
316. — BonoypastlB,  S<:hp.  61,56. 

Percir,  on  the  Pliosptoresirence  of  Woand*.    .ScAw.  35,  228. 

D^MDof,  on  tlic  Pkiosphorojsct'ngo  uf  Rhiiomoridis,     Ytr\andt,  der  Leap. 

Carol  Al-ad.  d.  Naturf.  11,  603;  also  Si'Aie.  39,  2^0, 

L,  C.  Treviranus.    WLother  arc  Light  and  Hoa-l  developed  in  Ibe  Vital 

action  of  Flantdt    Tiedema/tn  Zciuckr.  f.  Ph^tiol.  3,  25". 
Zttiradsky,    Momentary  Luminosity  of  flowers.    ZeiUcAr.  PA.  Matk.  9, 

450. 

Om  f4e  Pheupkoreseence  of  Dead  AnimaU  and  Plants. 
Hqlme,  on  tlie  Light  which  Hin-ani?  out  rriini  certain  Budiw*   OiH,  \% 

129  an<l  i'.*2;  the  firrt  Lalf  tilait  in  ScJier.  J.  H.  422, 
niifbner.    Luniiimaity  of  Calvoo'  fle-t.ti.    Jimrt  33,  422. 
D.  CiJOpor  and  Apj)]cton.    Luminoxiiy  of  Human  Corj^e*.    PAil.  Mag. 

J.  12,  480;  alao  J.  Chiin.  Med.  14.  505;  al«>  J.  pr.  Ckm.  14,  119. 
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PlioaplinrcEOcncd  of  ilciul  nniinftls:  Fair,  jib  A>)iia  Peti<lenlt>.  De 
ttrtduf  Cap.  14. — Thorn.  BurLholinus.  fM  lute  anivialiuvt,  IG9. — 
Rulj,  Bi.ylo.     H'oi-jfa,  a,304.— Beale.    I'hil.  Trunt.  II,  2ft9. 

Qiirtuer,  on  tlie  PLo.^pliorieeci3noe  of  Decayed  W^ioil.    ^cher.  J.  3,  3. 

G.  W.  Btidltiuiiun,  «u  the  PlionpLoreaceniie  of  Dccjiyin^  Woml.  S'cher.  J. 
r>,  3. 

Gatel.  oil  the  Phosphorescence  pryiiuteil  tlutiu^  Viiioua  Fonncntation. 
&hw.  40,  257. 

0-n  Lumitiosity  produced  hy  Trradiatxon,  Etedrielti/,  ami  Bealivy. 

Cnutoii.    An  easy  motliod  of  making  a  Light^nmgnet  or  PhoaphorUB. 

Crell.  Chtvi.  J.  6,  170. 
Orotthues,  qn  Clibrophiiua    i'cAio.  14,  133. 

 t)H  the  AbsorjitioQ  of  Light  hy  Pkiosphorescent  Bodies,  ScAto. 

15,  171. 

Osanu,  uu  retiiarkable  FhoEpboreec^nt  Minerala.    Kaxtn.  Archw^  4,  947 j 

r>,  88. 

 Lumioosity  ptodiiced  by  IrradUtion.    Pog(f.  83,  40.'j. 

"Wach.    Prepamtioo  of  new  PliosphoftBoent  Minerais.    Seha,  67,  283. 
PeiiTsall.    Piioapborcaceiice  produced  by  Eleotrioity,    J.  Itoy,  hmt.  ],  T7 

aod  207;  ^ao  Pnijg.  20,  202;  22,  5b'6. 
E.  Be4X|uerel.    Phoephorescence  produMid  by  IrradiatloQ.    liihl.  uMtv. 

N.  S,  *20,  844;  also  Pogg.  48,  540. 
■  -         Phosphorpsccnce  produced  by  Electricity.    Compt,  rend.  8,  218j 

aUr,  Poff.j.  49,  543. 
Biot.    Fhoaphoroscence  produced  by  Irradiation.    Compt.  rend. 

also  Poffg.  43,  557, 
Biot  is  E.  Bc'ctfuereL    Phoaplioreftcence  by  IrradiatioB.    C'vnpt  rend,  6, 

315;  nha  P'.'ffff.  4fJ,  56^. 
Wood,  uu  Pboijpborescetice  produoed  by  beating'  and  rDbbing,  Phil, 

Tmm.  82,  28. 

Brewster,  on  Phospborcecoiico  pmluood  by  beHtlog.  Ann,  CAt'W,  Pitifi. 
14,  288. 

On  Pko«pftoregixnee  aocomfanying  Cryitaitiiaiio»>. 

Pickel.  ToJcAcsi.  1787,  55.— Schonwald.  Crett.  Ann.  ITSfi,  2,  50. 
Scbillor.  Ta»ch&iiL  1791,  54.— Giobert,  /.  Phys.  36.  230;  also  Gren. 
J.  2,  437, — Pfaff.  15,  275. — Homnaun.    Scbiv.  40,  "5. — Berze- 

lias.  Jahre^ey.  4,  44;  5,  41.— Stbweigger.  .SVhp.  3£>>  247i  40,  271.— 
BiichBcr.  Rfpert.  15,  441;  albo  iSciw.  41,  221;  aJeo  Sc/iw.  41,22*1. — 
Pleiecbl.  Zeitschr.  PL  Math.  3,  220.— H.  Riwe.  Poyff,  35,  481^  SS, 
443  and  585.  j 


Sthonthks.    ^wmtTiem*  Suhstaace,  Liffhi-producint^  ifatter,  Luminous 
Matter,  Lumiere,  Fkofo^cne. 

Ligbt  18  that  Bubstance  which  eicltea  in  our  eyes  the  senaatien  of 
briglituoas  or  vision. 

Phijiiml  Properlks. 

1,  Ligbt  is  imponilcniblo.  ,  . 

B,  It  Lfl  in  tbo  biglieat  dogreo  oxpaDBillo;  it  spreads  itaelt  ovil  vtwea 


UCIIT. 


point  nf  nrigin  in  Btmi>;ht  lines  nr  Jtaj/f  with  extraordinary  qaicknoss^ 
pai<tjing  over  4'2,100  tnilos  In  iv  second.  IL9  laleDgity  varies  iaveTvely  M 
tlic  square  of  tha  distuiice  from  tlie  Iddudous  source. 

3.  It  [K'lietrates  the  air  aail  all  other  irnjupartni  b<«lies  more  or  lie«4 
completely;  wliilst  opwfii«  liodies  either  do  not  tra-nsinit  il  at  »J1,  or  only 
when  titcy  are  an  very  tlijn  lominto. 

4.  ^VllCD  ill  paasiug  through  q,  tnuisparetit  m«iliam  it  foJls  ob  other 
bodies,  transpfl.r<jnt  or  opaqae,  it  ia  partly  thrown  back  or  rrfiicUd,—Aai. 
in  such  n  manner  that  the  iacident  and  reflected  nys  make  equal  anglm 
with  the  reflecting  snrfwx. 

5.  When  a  ray  of  lig^ht  tmrelling  thmtl^h  a  thin  mddiillil  ^USH  nev 
n.  denaor  body,  ile  course  is  somewhat  altered,— it  Is  inftedrd — it  .auffera  * 
bending  or  Infitxion, 

6.  ^V'hcQ  a  ray  of  light  parses  in  an  ohlique  direction  from  one  medium 
to  another  of  different  deneitj  and  combustihility,  Ita  course  is  likeiriae 
altered;  the  light  ia  ftTOirji  or  ItffrfwUd.  If  the  tiecond  medium  is  denser 
or  more  comhnstihle  than  the  firdt,  the  ray  la  bent  towards  tho  perpendi- 
cutar. — and  conversely. 

Inflexion  and  refractiou  may  perhaps  he  explained  hy  supposiiiie  Uiv 
^.tlractioa  or  adliosiun  of  bodies  for  light  to  increase  with  thsir  density 
and  combuatihility. 

7.  D{»peraion  of  Coiottr. — At  every  refmetion,  a  colourleas  ray  of  light 
19  sejmruted  into  seven  coloured  rays.  These  arc,  beginning  with  the  most 
refrangible:  violet,  indigo,  blue,  green,  yellow,  oran|^,  red.  [LiiniinoM* 
uud  C'oloitreti  Specira.]  The  yullow  and  green  raytf  are  the  most  lomi- 
uoJ^».  Far  beyond  the  boundary  of  the  viwlet  there  exiatjs,  according  to 
Seebeck,  a  faint  vcolet  light  which  graiXuaily  becomea  colourless*:  aiiUH 
larly,  light  etiata  l>e^ond  the  assigned  limit  of  tho  rod.  None  of 
the  eoloureil  rays  experience  any  further  change  of  coloar  by  a  second 
refraction. 

8.  When  light  falls  at  a  particular  angle  (35°  for  glass)  on  the  au 
faee  of  a  body,  the  reflectcil  light  \»  found  to  poKscbs  peculiar  pronertios;. 
it  ia  Polarized.  For,  if  the  ray  thna  reflected  fall  on  a  second  Hal  aur 
face  of  the  aamo  boily  at  the  Banic  angle,  it  is  completely  rctleclcil  there- 
from, when  the  eecond  jturface  is  jtarollel  to  the  6ret  or  makes  a  right 
angle  with  it;  but  no  reflection  takca  place  when  the  second  sarfnco  » 
turned  round  through  an  angle  of  EiO^,  bq  that  the  ray  ^hicb  falls  on  tlie 
first  surfa(«  would  mukG  a  right  angle  with  the  ray  reflected  from  1I10 
sBOondf. 

9.  In  ft  great  number  of  media,  vix,,  in  crystals  not  belonging  to  the 
regular  aystena,  i\nd  m  certain  iinciyitallized  nnininl  substances,  a  ray  of 
light  is  ejilit  intii  two  distinct  niys  oppositely  poluriKod:  !)iiui>(f  Itrft'nt^ 
titfn.     CoTup.  Brewster  {Edinlnrtfit  J,  ff  -S".  5,  I ;  also  .^citw.  33,  34(1). 

> 

*  The  Mintoiee  of  lutninoai  ntjs  hNving  a  fiiinl  violet  or  rilli£r  a  Sinndtr  frif 
VOkBT      likrwiic  hern  proved  bj  Sir  Joha  lUnclirl  (PM.  TVaiu.  IK40,  Pi.  1.) 

t  HiC  ray  ii  completely  rrl1et't«d  vhvn  tbv  plnnesof  incidmoe  vn  the  tint  uul 
rarflkCM  eoincidft :  no  retlection  talcc»  i>Iac«  when  tliey  acv  MrrM^dicuUr  10  rub 
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CHEMICAL  RELATIONS  OP  LIGHT. 

I.  RgLATIOHB  op  LiQDT  to  the  other  ImF'ONDERABLEB. 

1.  Relnlian  of  Light  to  Heat, 

A.  Detvlojim'tnt  of  Heat  hy  Light, 

All  ponderable  bodice  absorb  n  jiortion  of  the  ligbt  with  whidi  tbej- 
come  in  contact.  Tlie  quantity  time  nbsorbf?!!  is  greater  iti  proportion  to 
their  Qpacitj,  and  the  ilarknesB  anct  rouglinefi^  of  their  flurfaeea.  TmnH- 
parent  bodies,  with  white  shining  aurfsiL'es,  absorb  the  least,  inti^nmch  08 
the  greater  patt  oi  the  light  which  fults  on  them  is  either  transmitted  or 
reflected.  The  more  light  a  budy  absorbs,  tha  hotter  does  it  become  when 
exposed  to  the  sun's  rays. 

In  ennshine  which  raia«s  a  mt rcuriiil  thermometer  to  38°  C.  (1 00°  Pah.) 
a  ball  of  pure  bi3muth,  one  inch  in  diameter,  risce  to  50° ;  the  same  ball, 
covered  Trith  tndlan  ink,  to  56°;  with  Inmp-blnck,  to  59°;  and  with 
white  paint  to  43^ :  wheti  covered  with  il  blue  colour,  the  bHll  is  more 
etrongly  iieated  than  when  clean;  but  Less  strongly  wh«n  painted  red. 
(BcickmainL) — If  el  number  of  pieces  of  cftpper  of  ('i|u;i.l  eiaes  are  covered 
with  vunrMis  eoloars,  the  black  leeonieH  mu^t  heated  in  the  sun,  then  tho 
blue,  then  the  red  and  g-reen,  then  the  yellow,  and  lastly  tho  white. 
(H.  Davy.) — Pieces  of  cloth  laid  upon  snow  in  tho  eunshino  tiiuk  dwper 
the  darker  they  arc  in  colonr.  (Frttnklin.) 
[/7<(rf-fy/^efior  of  Sauaanre  aud  Dncarcliat] 

The  concentration  of  the  sun'a  rays  by  means  of  burning  ghvsMS  or 
tnirrors  is  otie  of  the  most  powerful  mouns  of  producing^  a  nigh  tempe- 
rature. 

Flaugergues  tms  shown,  by  experiments  m&de  during  a  koIqf  etlipae, 
that  the  light  of  tlie  sun  baa  the  same  beating  power,  wbether  it  proceeds 
from  the  edge  of  the  disc  or  from  the  centre. 

Banietl's  supposition,  that  the  solar  raya  have  less  beat-producing 
power  At  the  equator  than  in  the  temperate  regions,  has  been  shown  by 
Gay-Lueaac  {Ami.  Chm.  Phyi.  26,  375)  and  Foggo  {Edinb.  Phil,  J.  14, 
63)  to  bo  inc&rrect. 

The  Itglit  of  the  enn  loses  but  very  little  ita  heating  power  by 
passing  through  a  plate  of  glaeu. 

t^ular  tight  refracted  throUjB:b  a  prisui  shows  the  greatest  beating 
power:  according  to  Laiidriani,  in  the  yellow;  according  to  Rochou, 
between  tho  yellow  and  the  red;  according  to  HerKchcl  and  Englefield, 
beyond  the  utmost  limit  of  the  red;  according  to  Berard,  at  the  furthest 
edge  of  the  red,  wbiUt  the  heating  power  of  the  almost  invisible  rays 
situated  beyond  the  red  ia  only  ^  great;  according  to  Leslie,  in  the 
red,  whilst  l>eyond  tho  red  scarcely  any  heating  effe^cl  was  produced. 
Seebsck  however  has  shown  that  the  heattng  power  of  the  coloured  rays 
varies  with  the  nature  of  the  prism.  According  to  that  philosopher,  the 
beating  power  of  the  coloured  rays  gradually  increases  from  the  cxtrcBiB 
edge  of  the  violet  or  about  j  an  inch  be^'ond  it  (where  It  is  weakest) 
through  the  bine  and  green,  and  attains  its  maximum: — with  a  prism 
filled  with  water,  in  the  yellow;  with  a  priani  tilled  wilb  oil  of  vitriol,  or 
with  a  solntioii  of  gal-ammoaiac  and  eorroeive  sublinuite  together,  between 
the  yellow  and  thu  red;  with  a  prism  of  coniniou  white  gla&s  aud  crown 
glass,  in  the  full  red;  and  with  a  prism  of  fiint-glaas,  boyoud  the  wid. 
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Vi'liatevcr  may  tUo  nature  of  tlio  prism,  beat  is  alvii}^  tofutifMiMl 
bcv'oiMl  tlie  ml,  hnt  grailnnlly  diiuStiishcB  M  ttie  dietaticfl  from  the  extromo 
lituit  of  tLe  ml  increases.  Wilb  a  {irisni  of  rock-salt  the  nisjcimam  of 
beat  is  sitoateJ  far  bejronJ  tlie  reJ.  Tho  solar  light  containa  beating; 
ray*  of  Viirlous  itei;t**s  of  refningibility ;  rocli-ealt  traosmita  tbeiii  utl, 
cveti  tbe  \ea3t  rofran^'ible;  glass  aiitl  water  obly  tlie  more  refrati^iblt- :  for 
thia  rcasoTi  tho  laiaxiiuuiu  of  beat,  when  j'risma  of  gtriss  or  »'at<:r  are  asnd, 
is  foiiiicl  within  the  colonrcd  s]>ectruin.  (Sreilnni.)  According  to  Powell, 
tbe  hetkting  power  of  the  colouretl  rsys  Je[ici:iclfj  also  upon  the  wloar  of 
tbe  body  to  be  liGaletl;  at^ordid^  tti  bis  oh^ervatiutit;.  &  tlicmniuetvr 
painted  with  vermilron  is  more  strongly  hcatetl  in  tbe  omngo  ruye  than 
in  tlie  Tt^L  Aoconlioj^  to  tho  sime  philoeopber,  the  limtiis^  nya  of  tba 
prism  pade  like  tbe  aolar  raya  throu^'b  glase  without  iM?ri;ti|itible  Ivss  of 
Letting  powtr. — There  exists  therefore  %  Hf^U-*iKCtrum  in  eouneclion 
with  the ■cobmred  6]iectrnui.  Awording  to  Hcrschel,  thu  coloured  spoctruTit 
takes  up  only  nhout  \  of  the  space  occupied  by  the  hent-spectruin  \  ami  iu 
consetiucuce  «f  tlio  smaller  fefraniLjibility  of  the  Leat-rays,  tbe  fooiis  of 
heat  is  somcwfiat  farther  {accordiug  to  Wollaetou  about  from  tb« 
biiraiug  gluea  tliau  the  fuiiuo  of  lighL 

^  Sir  John  Herecbol  {Phii.  May.  J.  22,  505)  hae  obtuoed  MIM 
reinitrkable  results  by  exposing  tliin  writiu^  jmptr^  blftckened  on  0D«  rid* 
by  Loldiiig  it  ovor  a  smoky  flame,  and  afterwards  tboroiijfbly  w«ite<l  with 
alcnbol  appliinl  to  the  iin^nioke'l  side,  la  tbe  nction  of  the  solar  spM^tnilil. 
Tbe  ill lien ce  of  the  calorific  rays  was  «bown  by  a  whitt-uiiig  of  the  paitOCf 
itiarkiii^  by  a  el^ai-  iiurl  sharp  outline  tbe  lateral  extent  ot  those  nyw^  %iul 
by  due  ^rutlatiouM  of  intehEily  in  a  longitudinal  direction,  their  law  nr 
m'a\o  of  iiialribution.  hoth  within  and  without  tlio  luminous  sgjeiCtruDi. 
Tbo  thermic  speetruni  thus  iniprea^-etl  extended  from  iibout  the  middle  of 
tbe  riolet  to  a  diHtanco  conaidembly  beyond  tho  red;  moreorer,  it  waa 
founil  to  consist  of  a  numlier  of  distinct  patches,  the  briphtest  of  whieb 
wore  fiitujiU'd  in  and  jast  lupyond  tbe  Tlaiblo  red  rays.  Three  other  spoU 
eubvequently  came  into  view  at  continualtv'  greater  distances  from  the 
hiniEuoue  apci^truin  and  succeseiTely  diniinlKfiing'  in  briffbtnesa.  Tbiv  waiik 
nfrontinuity  lu  the  tbeniiic  ^pcctrntu  may  arise  from  an  absorbent  etfecfc 
in  the  atmosphere  of  tlio  sun,  or  wf  the  earth,,  or  of  b<jith  ;  if  eti<rh  absorbunl 
nolina  be  cierW  by  the  earth'a  atmoephero,  it  wilt  follow  that  n  larj^ 
|i(irtio«  of  the  Sfdur  hetit  never  reaches  the  earth's  aurfneo  nt  nil,  and  ibal 
the  boat  iiiciidGnt  on  the  RLirnniit?  of  lofty  inourlatne  differe,  not  wify 
in  ijiiantity  but  also  in  <jitaUt\/,  from  that  wliivh  tbe  plains  recw,**.  1 

The  two  spectra  formed  by  a  prism  of  donhlii  refracting  sjjar  havo 
enjujil  beatirij;  powers.  (Ditnrd.) 

Mrionliebl,  thu  intonr^ity  of  which,  nc-conlinp  to  Bougiier,  is  to  thai  of 
Huuliffbl  HB  I  :  fn>m  2jO(nio  to  rtOllOO.  proiluee}',  sheti  eoaeenLrali'd  by  a 
E-iiriiiij;(  mirror,  only  u  rory  nWftUl  detfres  o.f  brat  barely  (H<rM)ptibl«  bj  ft 
di>Ii('ikto  tbonnometer  (llow-anl,  Siflim.  Amer.  J.  2,  Sfi);  aceordinc  lo 
moat  oliserTrrn  in  baa  no  oflfoet  on  tbe  tbcrinometer ;  find  Forbes  {riH, 
M<t*f,  J.  i'l,  1,38)  fllMorved  no  trfl«e  of  heating,  when  he  causrul  tnonnli 
niuoentmt«d  3000  time*  by  A^laiw  Ions  to  fall  on  %  tltflrmo-intiltiplutr. 

n,  DetdopineiU  oj  hUjht  hy  Htnt. 
All  bociicH  when  herkt«d  lu  a  e4i'riain  teuii'iemtom  becomo  inmnibwcnl. 
In>a  bwKOMB  hot  whou  biuumorcdj  by  long-coutiauod  juunntcnug  H 
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may  be  tniwle  red-bot, — All  bodies  become  red-hot  at  tho  same  tempera- 
ture,— excepting-  that  air  requires,  nceorJiag  to  Weilgewomii's  es|jeriinpnt3, 
a  higber  temperature  to  naiiir  it  luiuintms.  According  tu  Newton,  iron 
Lecomefi  Jull  reJ  in  the  dju-k  itt  335  C.  (G35^  Fah.).  briglit  rod  at  400''  C, 
(752°  FftL),lHniInou8  iu  tL»  twilight  ul  474°  C.  (SOU"  Full.),  and  luminouB 
1q  bright  tiiiyliglit  at  ahout  538°  C.  (1000''  Fall.) 

MoJa  of  rjrplainin^  tke  factt  siateil  in  A  and  B. 

1.  Light  and  heat  are  the  same  subBtance.  Lifflifc  arrestcil  in  its 
motion  by  tho  mlhcsion  of  pontlertiMe  bodice  shows  ittolf  a.'-  beat.  WbpH 
too  inneh  heat  bocameH  accumulated  in  a  body,  part  of  it  escapes  again 
with  great  volwcity  in  the  form  of  light ;  the  body  becomes  incandescent. 

Agaiuet  this  very  simple  theory — to  wliicb  Bertlmllet  also  {SCai.  Ckim. 
1,  191)  yives  the  preference — the  fdlowing  objcdioiiB  tiiay  be  urged  :  {a). 
Mounligbt,  ever  no  much  ooncontrateJ  givee  no  heat  (luia  may  pcrlmpa 
be  explained  by  its  very  eiuaU  intensity,) — The  brightest,  mcigt 
luminous  rays  of  the  coloured  spectrum,  the  yellow  ami  green,  give  very 
tittle  beat,  odd  tho  heating  power  liki^wise  shows  itself  wliere  ueithor  light 
iior-  Colour  can  ba  perceived. — Light  produces  chemical  alterations  of 
ponderable  bodies,  which  heat  alono  is  unable  to  effect.  (This  may 
perhaps  be  explained  by  the  mora  rapid  motion  of  llyibt.)— Phospho- 
resctiice  by  Irradiation,  and  ctlorc  particularly  that  produced  by  hciitiijjr, 
19  diffiicult  to  reconcile  with  this  hypothesiH. 

2.  Tho  Bolar  raya  consist  of  raya  of  light  and  rays  of  Iieat  distinct 
from  one  another;  the  former  are  more  refrangible  than  tho  latter;  hence 
two  apectra  of  different  kinJs.  The  solar  rays  give  heat  therefore  traiy 
id  couaequenco  of  the  beat  which  tbey  contain.  The  aular  Ugtt  reSeotod 
to  the  earth  from  the  moon  bus  loft  Itu  beat-rayG  on  the  luoon  luid  there- 
fore cannot  give  heat.  (Horscliol.) 

Objectioas:  [a).  Whiit  beeomea  of  the  rays  of  light  wLich  bodies 
absorb  together  with  the  raya  of  heat,  seeing  that  the  bodies  sufter  no 
change  fnini  the  absorptiou,  exeoptiug  change  of  temnoratiiro! — (6).  Why 
cannot  a  body  become  very  hot  without  emitting  lightl 

3.  All  poiidorable  substances  c«fit«.in  tbe  hypothetical  Prin^ipU  of 
S'ire,  which,  when  united  with  tb«  light  which  falls  on  tbcut,  produces 
beat-  (Deluc.) 

2,  RdiUion  ofLigfU  to  Electricity. 

Light  often  appears  as  an  attendant  of  electrical  phenomena; — tho 
electrirol  ppark,  lightning.  la  it  an  element  of  electricity,  or  on  the 
other  hand  ia  light  cnm|.K>eed  of  the  two  electricities — or  is  it  merely 
separated  by  electricity  from  tho  surrounding  medium? 

3.  Rflaiion  of  Light  to  Matjnelim: 

If  the  violet  my  of  the  epectriim  concentrated  by  a  lens  be  miwlQ  to 
UDiformly  for  about  half  an  hour  over  one  half  of  it  steel  ueedler 
proceeding  from  tho  middle  towarda  one  of  the  extremitiee,  that  extremity 
Kein;,'  directed  to  tho  north,  and  tho  temperature  being  between  0°  and  27" 
C.  tbe  neeiUe  will  becomo  jterfectlv  magnetic.  {Morichini,  ^chw.  20,  l(t; 
further  In  Kasin.  Arc/u  S,  lO'j. — I'bis  csporiment  waa  also  successfully 
muJo  by  Ridolfi  {Sckw.  20,  10),  Mary  Somerville  (Akti.  Phil.  27, 
abfltr.  J'offff.  e,  193),  Miillct  Archiv.  13,  397),  Bftumga.rt)icr 

{^fiHrhr.  J'h.  Maik.  I,  Zimti'deacbi  {BU>L  umv.  4F,  C4 ;  aleo  Schm. 

5a,  tOU;  also  Pwfg.  lU,  18TJ,  aud  Barlocci  {BiU.  univ.  42,  U;  alao  Scfm. 
&%  CO).    It  did  not  succeed  in  tbe  bands  of  Coufigliachl  {Gilb.  46,  335^ 
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Bie>  &  Moser  (Po^^  10.  563)  atid  d'Homhres  Finnas  {Ann.  Chim.  riii^f. 
10,        — 1  h*Te  myself  soon  \i  successfully  pcrforiuoil  by  MuricLiiii. 

T  All  former  reaearchea  on  the  nulation  between  light  and  magiiGtiBtn 
have  been  conipletoly  thrown  jnto  theahado  by  tlio  important  diwovcry  of 
Faraday  (/"Ai/.  TransABiQ,  1, 1} — thut  a  ray  of  pohiriztd  light,  when  made 
to  pass  through  certitin  tranRparcnt  euhstunccs  plated  near  a  magnetic  pole, 
in  euch  a  Diaiiaer  that  the  (hits  of  jmtyneiic  force*  ahiiU  pass  through  it  in 
the  iUrectioQ  of  the  ray, — ia  rotated  in  a,  particular  dirMtion,  depending 
apon  the  direction  of  the  ray  itself  and  that  of  the  IIdg  of  magnctie  force. 
— I  shall  give,  nearly  iq  Dr.  Familay'B  own  words,  the  description  of  tb« 
eipcrimeut  which  first  revea.led  tliia  moi^t  remarkable  phenomenon. 

A  my  of  llj;1it  i.s>^iiing  fruni  an  Ar;^niJ  lamp  wa^  ^wjlanscd  in  a  bon- 
Zdiibil  plujie  by  reflection  from  a  i^urface  of  glass,  and  the  polarized  r»y 
passed  through  a  Niehors  eye-pie*;ft  revolving  on  a  horizontal  aiis,  «o  ai' 
to  be  ea-'iily  exiimined  hy  the  Inttifr.  Between  the  polarizing  mirror  and 
the  eye-piece,  t»ro  powerful  electro-magnetic  poles  were  arrang-ed,  lietn^ 
c-ttlier  the  ]>oles  of  a  borae-shoc  magnet,  or  the  contrary  pole,i  of  tw« 
cylinder  magneto;  they  were  t^cpaiuted  from  each  other  about  two  incbdt 
in  the  directiua  of  the  ruy,  and  bo  jilaccd  that,  if  on  the  same  side  of  the 
polarized  my,  it  might  pasa  near  tbflm;  or  if  on  the  iMHitniry  6idi*«.  it 
might  go  between  them,  its  direction  being  always  parallel  or  nearly  ao 
to  the  mitotic  lines  of  force.  After  that,  any  transparent  enkslance 
placed  botweon  the  two  poles  would  have  pa^eing  through  it,  hoth  the 
polanzed  ray  and  the  magnetic  lines  of  forco^  at  the  same  time  and  in  the 
Hiune  direction. 

A  piece  of  fieavtf  ^lass  consiatiug  of  ailico-borate  of  lead  {Pl.it.  Tivna. 
I63Q,  p.  1)  about  two  inches  eqitaro  and  half  an  inch  thick,  having  flat 
and  polished  edges,  was  placed  as  a  ci!'ta7nei(;n^i'(r|-  between  the  ])ole8  (not 
as  yet  niaguclized.  hy  the  electric  current)  ao  that  the  polarized  ray  might 
pass  through  its  length.  The  glass  acted  as  air,  water,  or  any  other 
iodilfcreut  subatanco  would  do;  and  if  the  eye-piece  were  prrviuH^ly 
turned  into  such  a  position  that  the  polarized  ray  was  extinguished,  (>r 
rather  (he  image  produced  by  it  rendered  invisible,  then  the  introduolioQ 
of  the  glas^  made  no  alterntiun  in  thi^i  re$ipcct.  In  (bis  ittale  of  clrcum- 
(tanceBf  the  forc«  of  the  electro-maghcl  was  developed  by  eCnding  ua 
pliietric  current  through  ita  coils,  and  imtnediately  tlie  tatnp-flanie  brcnin^ 
viKiblo,  and  conlinucdfso  as  lon^  ii5  the  iimingcfiicnt  cnntinued  magnotic 
On  "lopping  the  electric  citrr*ut,  and  so  causing  the  magnetic  force  to 
rcaar,  lim  light  instantly  disappeared,  Theee  phenomena  could  be  ren«w»4. 
at.  |il(*unuri<  at  any  Instaut  of  time,  ami  upon  any  occaeion,  isbowing  % 
piiffcr't  depundenco  of  cause  an  J  elfecU 

Till'  roltiiiu  current  vae  that  of  Ryo  [>air  of  Grove'n  cnnetruction,  and 
iUit  I'lcrtTo-mngnvU  were  uf  i^uch  powtT  that  the  pules  would  ainglj 
nmtuhi  n  wight  of  from  2t)  to  '*Gl\iif  or  more. 

My  variouN  cxperinientfl  nmdc  hi  this  manner,  it  was  foond  tfaat  tb* 
arai'litr  of  tho  foreo  tbui  iniprew<cd  u)n>n  ibe  diamngnetio  is  thai  of 
ft$MUmt,  niHJ  that  it  acta  according  to  the  following  law : 

"  tf  It  niHirnfftid  line  of  force  Iw  '/mwy  fnm  a  north  pole  or  e<ming  ftvm 

•  Tl"  if  f^ognttie  fartt  or  Jtf«ff»w«f  W"»  'if  /"rcr,  or  M*gmH*r 

'■f  Hill  I  (I  I'  l*>  !■!  f"f^  Hihlfh  i*  txrrtei  in  ibe  linn  unulli  ckIM 

fi,  n^naUj  riiit  u  paMwj  from  or  to  magnetic  pom  « 

•,  '  'in  Hpciriccttnmt. 

A  .iti-i, hi  !•  a  bftij  thrrtnch  which  tinen  oriniitn''tie  tent  ■ 
%  4t"-t  >••*'  ''I  lli'I'r  aHIiiii  ni*umc  tlic  uiuiil  riiagiirlii-  cuuiltlMi  ofirt) 
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a  south  polo  nlong  tlio  patb  of  a  polameil  ray  coming  io  tlio  obaer^'cr,  it 
will  rotate  lliat  my  to  the  rij^lit-liiiiitl ;  or  if  sudi  a  lino  of  force  be  coming 
from  a  anrtii  polo  or  ^ning  from  d,  eouth  pole,  it  wtH  rotate  bucIi  a  my  to 
the  l^Ji  Iiawir 

It  WHS  likewise  found  tliat  tbeilcgreO  of  rot&tioQ  is  pFopOFtiounl  to  tliQ 
extent  of  tbe  din.iiiB.go otic  tljrougii  wliiclj  tlio  my  atol  tlie  lines  of  magnetic 
force  pass.  The  jiower  of  rotating  tJie  my  of  IS^Jilat  increases  with  the 
iuteneity  of  the  magnetic  lines  of  force. 

Other  bodies  besides  the  Jufnay  glass  pOsACKS  the  power  of  actiog  on 
light  under  the  influence  of  tbe  mfignetic  force.  When  those  tiodies  havo 
a  rotative  power  of  their  own — aa  is  the  caae  with  oil  of  turpentine, 
engar,  &c. — the  effect  of  the  magnetic  force  is  to  mid  to  or  Biilitract  from 
thoir  f^|jecific  force,  according  ils  tlio  niLtiiral  rntatiun  and  thfirt  induced  by 
the  ma^ctic  force  are  in  tlm  same  or  in  oppor^ile  ilirutttone. 

The  ailico-borate  of  lend  was  found  to  be  the  lieat  subatunco  for  exhi- 
biting tbe  pbenouiena.  Fu.^ed  bornto  of  lend  is  nearly  as  good  ;  Oiut-gliufH 
exhibits  the  rotation,  but  iu  it  leas  degree,  nnd  crown-glass  still  lew. 
Crystallized  bodies  exhibit  little  or  no  inSuence  on  the  ray  when  under 
tnngDC'tic  influence.  All  tiqnids  whieb  have  been  Hiibniitlcd  to  experiment 
prodnec  the  rotation:  air  and  tbe  other  gasooHS  bodies  do  not.  Tho  fol- 
lowing table  gives  an  approximate  estimate  of  the  relative  amount  of  the 
induced  rotating  force  iu  a  few  NubetiLnces,  hs  coiii{iared  with  the  natural 
rotating  force  of  a  ttpecimen  of  oil  of  turpentine.    (Water  =  I) 

Oil  of  turpentine   Ll'B 

Henvy  kIhss   6'0 

Fliat-plmA    2-8 

Rock-iall    2-2 

Water,.,.   10 

Alcohol   IcM  than  watrr 

Etiier       1 .  ,411  ]c53  tlinn  nlrobol. 

The  rotating  force  ib  aleu  induced  by  ordinary  inugnetB  in  tbe  same 
manner  ae  by  clectro-nmgnctHr  but  in  a  lose  ileprec,  eimply  becauao  the 
uiapnetic  force  exerted  by  tlie  former  is  less  than  that  exert^u  by  the  latter. 

£y  placing  variouH^  trani^parcnt  bodies  within  long  helices  of  wire 
through  which  powerful  eleclrie  currents,  were  jiusiiig—  it  w«s  fonud  that 
"When  an  electric  currout  passes  round  a  r.iy  of  polariicd  light  in  a 
'*  direction  perpendicular  to  tlie  ray,  it  causes  tho  ray  to  revolve  on  its 
"  axis,  !ia  bmg  iis  it  is  under  the  intluence  of  the  current,  in  tbe  same 
"  tlirertifu  as  that  in  which  tho  current  i«  paj*sitig."  It  will  be  easily 
seen  that  thin  law  U  idtvdcat  with  that  provioualy  stated  rd^pecting  the 
rotating  power  indnccd  by  the  magnet. 

In  all  CAncs  it  ia  found  that  the  interpoaitlon  of  copper,  le-id,  eilverj 
and  other  ordinary  non-niagiiolic  bodies  in  the  conrwe  of  the  inagnetio 
etirvea,  either  between  the  poles  and  the  diamognetic,  or  in  other  posi- 
tions, produces  no  effect  on  tho  jdienomena,  either  in  kind  njr  in  degree. 
Iron  afl'eets  the  results  in  a  remiirkable  degree;  but  it  alwayH  appears  to 
act  either  by  altering  the  direction  of  the  mogiictio  linea  or  by  disi>osiug 
of  their  force  within  itself. 

No  rfjtating  power  i^  induced  by  line*  of  Hecfro-^lafic  feitsicni, 

Tho  results  here  deacribed,  itnportant  as  tbt-y  are  in  themselves, 
becnme  still  more  so  when  viewed  in  connection  with  the  ma^otio  con- 
dition of  all  matter,  as  developed  in  the  20th  and  2Ut  soricsof  Faratlay'^s 
K.rfKrimentrtl  Hesetirchm.     A  liricf  abstract  of  the.=e  researches  will  bo 

fonud  at  the  end  of  Chap,  IU. 


II.  Relatiohs  ae  Light  towardb  PoNDenADLB  Booibs. 


I .  CArt  ngn  proditeeet  in  Pottdei  nbte  Bodies  by  the  A  dhn  of  lA^lU. 
Chmicat  efecit  of  Light 

A .  Comhinationt  prodnefd  hp  the  ayenfff  nf  Light. 

n.  Clilorine-  ga«  does  not  combine  with  livdro^n  t«  form  hydroclilorio 
acid  KUi<  at  ordinarj  teiiiperaiureN  and  in  tlie  lWIc,  but  only  UDiler  llis 
iiillueuce  uf  li^ht  (Gaj-Luasac  it  Tlienard);  according  to  S©e(>f!ck,  the 
cornbinatidn  taltcs  place  under  wLite  or  biue,  but  not  under  red  g\tMa. 
Neither  does  sunlight  transmitted  tliruugh  bicltroniatA  of  potash  oflcot  tlio 
i;oUabitifilion.  (Draper:  \iiX.  Formation  af  iligdrofhloricAcid.)-^.  CtiloHllB 

EL-ombfiiea  witb  carbonie  oxide  ^  only  tinder  tho  influence  of  liftu 
Davy.) — c.  Iodine  and  ulofiant  gns  ouiiibiiie  only  in  suneLlne.  (Farn- 
j.) — ii,  Mimy  kinda  of  j>Iate-gla«s,  ■wLicli  liare  only  n  faint  riolpt 
tint,  become  {lurple  after  exposure  tu  light  for  nyear,  while  the  mine  h\kbs 
kept  in  the  diirk  retflina  it^  urlginul  palo  tint.  (Far»d»jr,  C^ii,  J.  of  Sc. 
1  .i.  164;  also  Fo^ff.  3fi7.)  This  may  tirlae  from  a  kigbur  uzidntion  of 
lumig&noee  coutaincd  in  the  ^Ifuie. — e.  HyiicInthR  exposed  to  light  lose 
Ihttir  peddieb  tint  and  bcconio  bmwiior.  (G.  F.  IliebteTf  Po'jy.  3tiU.) 
Tbie  ctLSti  bvlongti  perliaps  to  th«  head  of  deconipoeitions. 

B.  Combinations  atcrmpanietl  DcampotUioni. 

a.  Fbospliorus  kept  la  yarioa^  or  in  water.  Is  changoJ  in  tlio 

sniuhine  under  colourless  or  btuo  g\asa  (not  hoiveiver,  or  but  vtry  !-Io«Iv, 
ander  red)  into  red  i>xido  of  phospborus.  (BocVmann,  A.  Voj^tf.) 
Hence  lijrht  bri]ii!«  iibout  the  combination  of  the  phoHphorns  with  tbo 
oxyjfen  of  tbo  air  or  of  the  water.— A.  Chlorine  cotnbioes  at  onlinary 
leiupcraliires  with  iho  hydrogen  of  water  and  libcnttej  oxygen  gsm,  but 
only  under  the  influcmce  of  light.— Atjucous  solution  of  chloride  of  pla- 
tiniiin  mixed  with  lime  water  givcfl  a  prMif>itat«  in  <::D]outlo58  or  %'iolet, 
but  not  in  rod  nr  yflbiw  light.  (Herachcl.) — d.  Chlorino  deconirHuron 
light  earburcttod  hydrogen  giut  when  moist,  forming  hydrochlorifl  noid  anti 
cnrlionio  acid,  hut  only  whon  exposed  to  liyht.  (W.  Henry.) — Chlorine 
roHTBrti!  tbo  oil  of  idt^Saut  jju^  a-t  under  tcmperaturPH  into  cliloridt'  of 
uarlioti  and  hydrochloric  acid,  hut  only  under  the  inttui-nrn  of  lii'ht. 
(Faruday:)— r'.  Tliooil  of'ili^tiunl  i^nA  covered  with  water  und  jilnrnd  in  tho 
«unahiQ«  is  resolved  into  liydn-cljforic  acid  and  acctiu  etlipr.  (Mitxdii-r- 
lioh.) — Chlorine  coaverU  anhydroaB  bydrocynnie  arid  tinder  the  iuditt'Dm 
of  tho  sun's  rays  into  bydroi'bloric  iLpicI  and  solid  cliloridf  of  cvnooj^u ;  it 
nlwi  d«*conipo»M  nioiet  cyauide  of  merrury  iu  ditlcreiit  wiiye  Mecordingly  u 
light  i«  conTemed  in  tho  lu-tion  or  not.  ^Serulljia.) — A.  Tho  brown  »olu- 
tioii  of  iixlane  in  absolute  alcohol  satural^ol  with  8iilfrbtirou'>  acid  ga» 
(I«]K>aitB  cryMlallinu  sulphur  wh<;n  oxposcd  to  ROHshrne.  (It'dlwreiaor, 
PnentnrU.  Chev*.  5.  72.) 

i,  Mon^  tni'tallir  oxiili'a  foinbined  with  nctdit  lind  diOf^olTed  in  »loohol 
or  uthor  ^ve  up  oxyf^n,  only  nnder  ib^  inlluenre  of  li;;ht,  to  thnKt 
ur;^uic  liiiuidji,  and  arc  thus  nlthrr  broneht  Ui  a  lower  degree  of  oxidnliun 
or  roducM  lo  the  luctaUio  atnte.  Ytdiow  hyilnH;hloni.ta  af  fwrrMtida  tif 
nnuunu  diasolred  iii  other  is  couvcrlcd  by  ligliL  iuto  iireot[>itated  6mA 
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hydfoclilorato  of  protoiido  ef  uranimii,  (GeJilen.) — Hydrochl orate  of 
pOroxidG  of  irdti  dia^iolveil  in  ^tlier  resnlvad  under  white  uud  liliie.  nut 
Wider  red  jilaea,  hito  liydnii^lilorato  of  pmtoxide  of  iron.  ^A,  Vojrc],) — 
Red  Biilpfi-hydroiryntiatn  of  iientxide  of  iron  ia  coayorted  into  cwloiiriesa 
6Ll[>L-bydrocyan!ita  of  ])Potoxid«  of  imn  (in  the  focUs  of  a  concave  mirror 
in  a  few  niluut«e, — morfi  quickly  by  tlie  Iduiab  green  ray  of  tLe  8pe(;truiti 
tbau  l»y  any  otiier — and  even  by  the  iiglit  of  an  ArgiLud  lamp  placed  at 
the  distance  of  an  inch.  (Grotthuaa.) — Hydrochlonito  of  pTOtoxida  of 
copner  ulissolveJ  in  alcoLol  or  ether  ia  reduoed  to  dicKlorido  of  cqppor. 
(Qelilen,  NeuinanTij  ScAw.  13,  358.) — Hydrochlorate  of  protoxide  of 
iJicrrury  (■corrosive  aublimitte)  ia  ronvertod  under  white  or  blue,  ljut  not 
under  red  glaaa,  into  calomel.  (A.  Vogel.) — HydrnflhloraW  of  oxide  of 
gold  disGolvetl  in  ether  or  ftlcohol  ia  difico'loured  on  exposure  to  light,  tind 
iawcordint'  to  GrottLuas,  uioBt  quickly  in  the  blue  my,  metalUc  gold  bfin^ 
Bepafaled; — also  hydrochl  orate  of  oxiilo  of  plaUnuin  diasolved  in  ether 
deposits  a  amnll  <(ua.atity  of  platinum  when  exposed  to  li^ht,  and  ia  at  tlie 
Bame  tiiiia  conaiciembly  decoloriaed.  (Gohlcn.)— The  red  aqueaua 
solution  of  oxiiiate  of  ee^ii^ui-oxide  of  manganese  loses  its  colour  when 
exposed  to  sunsliino  (slowly  in  blue  ond  violet  Hglit)  and  ib  converted  into 
cartjobic  acid  and  oxalate  of  protoride  of  manganeso.  (Disbereiiier-^— 
AfjucoiiB  oxalate  of  peroxide  of  irou  is  reHjlvod,  when  exposed  to  the 
direct  rays  of  the  sun,  into  carbonic  acid  and  oxalate  of  protoxide  of  iron. 
The  change  also  takes  place  in  violet  and  blue,  but  not  in  yellow  or  rod 
light,  neither  is  it  produced  hy  hoilint;.  (Ddbereiner.) — Oxalic  acid 
added  to  aqueous  soluti-ons  of  fiydrothlorato  of  oxide  of  pohl.  Lydro- 
clilorate  of  oxide  of  platinum,  and  nnimonio-cblorido  of  iridium,  precipi- 
tntes  tbo  met.Hl  and  generates  cnrhutiic  acid.  In  the  cm^  of  iridiitm^  the 
aetiou  L^unot  be  replaced  by  that  of  ii  boiling-  heat.  (Diihereiner,  Schur, 
62,  dft.) — An  nqueoua  solution  iif  tartmte  of  peroxide  of  iron  nnd  potash, 
containing  copper,  deposits  nietnllic  copper  on  the  side  exposed  to  light. 
(DhnnaQD,  Btpert.  4!>,  112.) — I.  Manv  other  oriratiic  enbetaueea  aleo  tako 
oxygon  from,  metfillie  oxides  diswlred  in  acid.3,  only  when  their  netion  ib 
aaei^leid  by  light,  Thna,  chureoal  noiil  oils  precipitate  the  pure  nietaU 
from  gobi  and  ailver  eolutlons  only  when  exiweecl  to  light  or  B,t  ^  boiling 
boat,  (Rumford.)  Linen  marked  with  nitrate  of  oxide  of  silver  blackens 
only  wlieu  exposed  to  lij<ht.  Paper  moistened  with  solution  of  gold 
reddens  in  presence  of  light, — and  likewise  in  the  dark,  wlion  it  bos  been 
espoeod  to  light  till  the  reddening  has  commenced.  (Sccheck.) 

m.  Light  favours  the  corahinatien  of  the  oxygen  of  the  atmosphere 
with  the  carbon  and  hydrogen  of  organic  eiibfitancca,  by  which  they  are 
Di&ro  or  leas  dceonipesed  and  altered.  In  this  manner  may  ho  explained 
the  decolorization  and  rotting  of  fabrics  coloured  with  Mifflower,  logwood, 
BniKiI  wood,  tnrniericj  and  woad  when  cxpof-ed  to  the  sun — an  etl'eet  wliieh. 
according  to  Gay-LtiSBac  it  Tbenard,  is  likewiae  produced  in  the  dark 
by  heating  thoni  (o  1(10°... 200''  C.  with  access  of  air  [Chevreurs  inves- 
li^tiiins  on  the  hebaviour  of  ti.iauca  or  fabrics  dyed  with  vftrioua  colouring 
matters  and  jdaeod  in  different  media:  vid.  jjlnie,  Chim.  Phys.  &G,  71]; 
— the  decoloration  of  the  petals  of  Papavtr  Rh^ax,  which  according  to  A. 
Vogel  takes  piac«more  quickly  through  blue  than  through  white  glasa; — 
the  blanching  of  the  blue  flowers  of  Clchorittm  sfftvettre,  which  takes  place 
more  rapidly  in  Bne  than  in  dull  weather  (Pajot  Dcaobarmes,  J.  Pkijt.  35, 
the  decoloration  of  the  green  tincture  obtained  hy  digeating  iha 
greon  I&aveB  of  plants  in  alcohol  (this  tiocturc,  according  to  Orotthnss 
retains  ita  coloyr  longest  in  the  Wuei-green  ray  of  the  Hpectrum); — the 
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ilwol>>ratii>ii  of  tbe  yellow  oils  of  liasetxl,  savin,  and  peppcmiintt  noil  the 
yellow  coloiiriu^  of  blue  oil  of  camomile  and  coloarleBs  oil  of  lur|>cntine. — . 
In  a  similar  manner  maj  also  be  exjilaino}  tlie  gmiu  colourtHg  of  ytiliow 
guiacum— either  pulvenzed  or  spread  iipevn  paper  by  nieane  of  no  olcobtilio 
eolntion — when  ozpnacil  oltber  U>  culourlcjss  or  violet  light  in  a  gl^aa 
oontaininp  air  or  oxygen  gas,  or  when  strongly  hoatetl,  whereas  coocen- 
trated  red  light  reBtores  the  yellow  colour.  (Wullaston,  Gilb.  39,  21*1.) 
[See  alMO  Herachel,  i'Jiit.  Mag.  J.  22,  5.] 

».  Tlic  blue  solution  of  iiHlide  of  Etarch  in  water  is  completely 
(lecolorizeJ,  with  deTelopmcnt  of  hydrioilic  acid,  by  coluurle&s  light  and 
by  the  yellow  and  green  ray  of  the  fipectrum  (in  the  foeue  of  »  concave 
mirror  tho  effect  takes  place  in  a  few  minutes), — slightly  by  the  red  luid 
blue,  and  not  at  all  by  the  violet,  tlie  last  oti  the  contmry  countenctjDg 
the  decolorizing  swjtion  gf  daylight.  (Grotthiias.) 

o.  The  green  parts  of  living  pl&alH,  under  the  influPnce  of  ligltft 
dflcompuse  carboDic  acid,  lilierating  oxygen  gas  from  it  ahd  reUuning  lb6 
carbon,  which  enters  into  organic  criiiibiiiBtion«.  Iti  this  eohe  also  tha 
violet  appears  to  be  the  most  active  of  the  coloured  rays,  whilbl  under 
yellow  g3jL>(S  plants  become  paler,  (Sencbier,  Tessicr)  Moonliglit  and 
candle-light  appear  al»o,  according  to  TVti^iier  and  Varolii,  to  have  aeme 
effect. 

C.  De-Cfmipotitiom  prmluad  litf  Light. 

a.  Salt4  containing  water  of  cryetaUinition  luae  it  wheu  exposed  to 
Iho  HUE1,  and  much  more  quickly  behind  blae  tlian  behind  rod  ffluiL 

(A.  Vugcl.) 

b.  Concent  rated  nitric  acid  la  decomposed  by  expoEiure  to  light  (m 
also  by  a  red  heat)  into  oatygco  gas.  and  byponitric  acid,  N  0'  (S<;be«]o); 
and  acoirdini.' to  Secbeck,  this  e^'ec-t  ia  produced  behind  while  and  blue, 
but  not  behind  urange-eoloiired  glnas, 

c.  Many  metallic  osiJea,  wheu  exposed  to  light,  give  np  llio  whole  or  a 
part  of  their  oxygen,  and  are  resolved  into  pure  metal  and  a  higher 
us.ide.  Tbua,  brown  jwroxide  of  lead  is  roailved  into  oxygen  gaa  and 
red  lc'a43  (the  latter  beconiea  of  ii  darker  colour  by  tho  long  coultuuod 
action  of  light:  tho  cause  of  thiH  pheuoraouon  remains  to  be  diwovcn-d); — 
grey  oxide  of  mercury  is  resolved  into  rnetullic  mercury  and  red  oride; — 
llie  red  oxide,  under  water,  ie  decomposed,  according  tu  Seobeck,  iolo 

orcury,  grey  oxide,  and  oxygon  gaa,  provided  that  tho  Eight  cumta  to  it 
rough  colourless  or  blue  glaw,  ool  tbrougli  rerl; — (dry  rod  oxide  of 
mereary  lusea  in  four  months  under  colourless  flaw  0  0,  under  vi'dot  tl'o, 
under  green  0  2  and  under  red  01  |jcr  cunt,  of  oxygen  ncc|iiiring  at  the 
Hitnie  time  a  grey  eolour,  which  is  strongest  under  coLourk-as,  aud  vcnreely 
observable  under  red  glass.  Dulk.) — Oxide  of  stiver  is  rcsolv(>d  inlu 
silver  and  oxygen  gas; — carbonate  of  ailver  into  cilvor,  oxygen  aad 
e^irbonic  acid  gas; — (pyropbosphate  of  silver  bhtekonfi  on  cxpusurp  la  ih© 
light); — oxide  of  gold  into  gohl  aed  oxygen  gas.  (Scheele.) — Manganio 
acid  dissolved  In  water  and  cxjw^ed  to  siinabine  slowly  depoiait^  portjxido 
uf  maugancse.  wbtio  oxygen  gaa  is  att  free,  (FromlicrK.) 

rf.  Prol«>-cldoriil9  of  mercury  dissolved  in  water  iti  rosolrdd  in  eunbhiDO 
into  dichlorido  of  uiercurVt  hyurocLlurie  acid,  and  ozjvwi  gu.  (  IV>ii1Iav  ) 
— Torcbluridc  of  gold  di»^^olvi-d  in  wnter  depoeild  BakH  of  g(dd  when 
exposed  (o  till-  sun.  (Schoele.) 

t.  White  1-hloride  of  »ilver,  as  obtaio&d  by  precipitating  nilniC«  of 
silvef  *itb  hydrmsliloric  acid  or  n  soluble  cliloritlo,  ehanges  waen  expOMil 
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to  the  direct  raya  of  tho  snn  or  to  ordinary  dayliglit,  firat  to  violet  ami 
tliPn  to  lilack,  gi\-in;e;  up  at  tUo  fwiaie  time  a  portion  of  its  cliloritic. — 
Accnrdiiig  to  ViiaiiUi,  this  change  of  colour  takes  plact' m  tnoonliylit  con- 
centrated by  a  powerful  lens,— but  accionling  to  Gity-LiisaM  it  does  not. 
{AfiTi.  C'him.  J*hi/s.  215.) — Tlie  ciiloride  of  silver  lieconioa  coloured  in 
ihs  light  diffuaod  Ly  u  cylinder  of  lime  on  wliicli  the  flamo  of  ii  flpirit- 
liunp  fed  by  a  stieaiu  of  oxygen  gas  \&  directed.  (Di'ummund,  Ed.  J,  of 
Sc.  9,  319;  Foi,^,  0,  172;  also  Schur.  i»,  434.)— It  likewise  blaekena  in 
the  light  of  tie  twycr  of  u  caet  iron  fumace  fed  with  coke.  (Mallet, 
Phil.  Man.  J.  U,  47-j,) — It  doea  not  beeorae  coloumt  in  the  very  bright 
light  produced  by  the  coratiiiBtion  uf  olefiant  gas.  (Brande,  Ann.  C/iim. 
Phift.  1.1,  205.) 

Chloride  of  silver  precipitated  in  a  finely  divided  state  upon  paper  la 
peculiarly  sonsitire  to  the  action  of  li^rlit. 

Dciffueries  Chloride  of  Silm-  Pitptr, — -Thiu  or  unbized  paper  is 
saturated,  either  hy  immerBinii  or  by  means  of  a  painting  brush,  with 
hydrochloric  othte  whi^h  ha^  beconio  somowhat  acid  by  long  standinf;;  it 
is  then  dric-d  at  the  ordinary  tetnpcmture  of  the  air  or  a  ]itt]«  above  it, 
dipped  in  a  SDliition  of  nitriife  of  silver — or  ^be  tho  solution  is  merely 
applied  to  tho  surface — iiud  dried  in  the  dark  at  a  very  gentle  heut 
(because  while  yet  damp,  it  is  not  blacliened  by  the  calorific  rays  of  non- 
luuiinous  bodies)  and  kept  closclyprcased  in  aporlfolio  to  preserve  it  from 
light  and  air.  This  paper  when  exposed  to  day-light  blacltens  very 
quickly:  ita  eensibility  is  diiniiui-slied  by  age.  According-  to  the  kind  of 
pajjcr  used  and  the  liquid — whether  hydrochloric  ether  or  eonie  other 
li<(uid  containing  chlorine — Tvith  which  it  has  been  ivetted,  the  colours 
produeed  by  the  light  cxiiibit  difierent  tones.  This  paper  blackens 
»lowly  and  i'aiutly  in  the  light  of  a  Locatelli'a  lamp  with  two  w iuks :  still 
more  faintly  from  the  rayg  of  iron  heated  below  redness,  provided  these 
rays  have  net  pnssed  through  a  glaas-plate ;  not  by  the  rays  from  a  veeael 
filled  with  boiliug  vrater,  Tipr  by  repeated  electric  discharges.  (Biot) 

JTfl'froi'jr  C/i/oridf  of  Silver  Paper, — GtKid  writing  paper  la  steeped  in 
solution  of  common  salt,  wiped  dry  in  order  to  spread  tho  salt  uniformly 
over  it,  washed  ou  one  s-ide  with  solution  of  uitr»te  of  silver,  and  ilried  by 
the  fire.  'I'be  paper  loses  its  sensibility  in  a  few  weeks,  but  regriins  it  on 
being  agiun  wsished  with  nitrftto  of  silver,  and  in  a  still  higher  degree  liv 
bfing  alternately  dipped  Jn  Molutitfci  of  tutrimon  Salt,  moistened  with 
nitrate  of  silver,  and  dried.  When  a  light-picture  has  been  produced  on 
this  paper,  it  ia  immediately  wa^ibcd  with  solution  of  common  salt  or  iodide 
of  potasfltum,  to  prevent  the  rest  of  tho  paper  from  blaekcning. 

Paper  dipped  in  solution  of  chloride  of  barium  and  afterwardfl  in 
nitrate  of  silver  is  very  susceptible,  and  becomea  coloured  in  6ve  uiinuteu 
in  a  strong  gas-light  flame.  (Hunt,) 

If  the  li^^ht  from  a  clouded  eky  be  allowed  to  fall  on  Dagucrre's  paper, 
either  directly  or  through  plates  of  diflVreut  colourless  bodies,  it  is  found 
that  tho  blackening  is  least  diminished  wheu  the  plate  consists  of  g^'psuin 
(Fraueneift);  then  follows  rock-cryetal,  then  white,  then  colourless  glass, 
and  lastly,  animal  gelatine.    (Glan  jmpier.) 

When  snnligbt  falls  on  chloride  of  silver  pajier  after  passing  through 
gloss  ciBiernB  contaiuing  various  culourlees  liquids,  the  blackening  is 
aocelented  if  the  cistern  contains  water  instead  of  air,  but  with  other 
llui«b  it  ia  cither  retarded  or  unaltered.  If  the  retarding  influenco  of  air 
bo  nsaitmed  ~  1,  that  of  water  =  y-7fi45;  of  hydrochloric  acid  of  sp.  gr. 
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1-1D07,  it  is  cqaiU  to  12341;  of  nilrio  Mitl  of  1-355  Op.  gr.  it  is  l-4m; 

ot  siilpliurct  (if  carbuii  !  '40(!-l;  of  nil  of  copaiba  I'TOii;  uf  oil  of  iUT- 
ptiuline'  J-"(J44.;  of  li^tlmben^oyl  2'0034;  of  oil  uf  lemons  i-H'i^fi;  of  oil 
of  rosemary  3  0172;  of  oil  of  lavender  31403 ;  ami  of  creosote  3*05!<7.( 
No  uctiou  is  cxerttitl  hj  glacial  acetic  aciil,  wiioJ-s[iirit,  acetate  of  metliyV 
bencoate  of  metbvli  abtjolute  ulgohol,  elber,  ol^«]k■  ctbcr,  fLcetic  QtEieri 
Motone,  oil  of  oltjLaiit  gas,  or  chlunJe  uf  IreuEoyl.  (Milaguli.) 

Of  all  fubfitanoes  hitherto  cxantiiied,  tlio  foUoivln^  tfao  freust 

paasago  to  the  oheniical  raja;  Air  other  coii>iirlea«  ga^es,  acjueout 
vapour,  water,  alcotiol,  and  etber. — Tbna  foUov-  (2).  Oil  of  sitrol,  uitrio 
acid,  piLrti,  carbonate  of  HoJa,  doubLo  refrnctiuj;  qpur,  English  pbite-gls 
nxjueoua  hydrocyanic  acid,  and  camphor.— (3).  The  vapoUrs  of  iodinoand 
byponitric  acid — alum,  red  duor-Spar,  crown-glosn,  flint-glaa^,  Prtneb  aitdj 
Gcriimn  platc-glaas,  irticie,  aiiil  g^um-arabic— (4).  Other  kinds  of  pl&t 
fliitt,  and  i':Tovn^gla^,  groen  Unor^sjiai',  creosote,  oila  of  aniso,  eanway, 
pcj'pennintr  liivcndoFj  rosemary,  saline,  nnd  violet.  Canada  ha1«am  ani 
amber. — (5).  Least  pervious  to  the  cbenncal  mye  are  green  bciltle-gli 
chlorine  gas,  oxidu  uf  chlurino  vapuur  of  bruinino,  liijuid  bromiiiie^ 
glace  slightly  smoked.  (Hunt.) 

Of  all  the  raya  of  the  epeiitrum  the  violet  hui  the  eroii-test  bladconn 
power.    (Scheelej   Voa  der  Lufl  und  dem  Fevfr,  72.)    When  pnf 
dtvLTed  witli  chloride  of  silver  is  exposed  to  the  Inminoue  dpcctnim,  tij 
bccdiiieB  reddish  browu  boyond  and  iu  the  violet  rays,  blue  or  bluisbi 
grc-y  in  the  bluc^  very  eli^ditly  yc^liuw  or  not  at  nil  coloured  iu  the  ycUutrij 
reddish  iu  the  red,  fainlly  reddish  Leyond  the  rud ; — moreover,  wit' 
flint-glawa  prisma,  which  pive  tho  maximum  of  heating  power  beyond  tb 
red  rny,  tho  rednleuing  of  the  chloride  of  silver  uUo  loKea  place  beyoDij 
the  red.    (Seebeck.)    Chloride  of  ellver  which  haa  become  groy  from 
oxposure  to  daylight,  turns  pakr  and  reddi^'ti  after  a  time  in  the  red  ray; 
ill  the  red  produced  by  the  union  of  the  violet  of  one  spectrum  with  tKs 
red  of  another,  the  ebloride  of  silver  becoiaos  of  a  lieautiful  orinjaou  tvL 
(Scebevk,)— The  part  of  the  apectrmn  from  the  red  to  the  green,  cunoen-( 
trated  by  a  lens,  ^ivea  a  dazzling  focua  which  docs  not  blacken  chloride  of  1 
eiUor  even  in  two  hours.  (Dtrard,) 

The  epcotrimi  likewise  e»hibits  ehemical  offcctfl  beyend  the  violet  ray, 
as  wag  di^'overed  by  Kitter  and  estalilittbLnl  by  Woniwston.    Aecerdio];  to 
Dcrard,  the  extreme  edge  of  the  violet  fthow^  the  «(ronj^t  chomiad' 
&elio&.    The  following  expcrimenta  Ii0i>-evcr  ehow  that  the  point  of 
gCWtest  action  varies  with  the  nature  of  the  prism. 

When  the  rays  of  the  san  are  maile  tu  fall  by  means  of  a  heli<wtal 
throu^di  prisms  of  different  kinds,  on  pa[>cr  which  Laa  been  moLatonnl: 
with  ^in-wnter  and  then  sjirinklcd  n-iih  powdered  eDuHde  of  silTer* 
blnckcnin;^  lake^  jdac^  with  ditF«.'reut  dt^^rcn^  of  c|uickneAB  and  ext 
over  dilfiTeat  K]iare4.  acrtorilin^  to  the  nature  uf  lhr>  prism:  the  maximnm 
eifect  is  alnn  prtMlui'M  at  different  {wtrt.-^of  the  sjioctrum. 

Bb.  denotiu  hriglit  blue,  lil.  bliip,  V.  violet,  K.  edge  of  the  vlolel,  D. 
dark  «paro  b«^-utid  the  viol^-t,  Hd.  Uiirder 

A.  Material  nf  the  priMU. — B.  Time  at  whieh  the  hlaelEeninj^  bc^ln^ 
C.  lutenaityof  blackening. — D,  Extent  in  litif*  of  the  blaekniiDg.— 
EL  Uouudariee  of  tlie  blackening. — F.  Poiut  of  ^atoat  blsokentBg. 
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D. 
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la 
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— 

4  Lifi.  in  D. 

V.  1  from  Bl. 

Oil  of  turpeiitiiie 

13  miauUi> 

3   Lin.  in  Bl 

— 

\\—  itiD. 

V.  \  from  Bl. 

♦  ,> 

^cry  stntdg 

13 

2     —  inBl 

— 

1)  inD. 

V.  middle 

Oil  of  olmoniia. . 

n  „ 

f  ery  weals 

12 

Dd.  of  Bl. 

— 

2    —  inD. 

V.  middle 

Solalipn  of  blue 

\  1, 

very  Htrttng 

124 

It  Lin.  iuBI 

— 

1   —  iaD. 

V.  I  from  R- 

Titriol 

(jniiiiBry  tiliusu 

moderate 
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8     —  in  Bl 

'i  —  bl  D. 

V.  nnr  U  R. 

Sol.  of  BieUte  of 

a  „ 

11 

Bd.  of  Bl. 

4  —  inD. 

R. 

Oil  ofaniiu  .... 

1 

weak 

36 

Bd.  of  Bl. 

fikf  in  D. 

a. 

Crawn>glag», . 

i| 

IB 

Bd.  nf  Bl, 

A  Lin. in  D. 

R. 

Flint-glasR  .... 

weak 

42 

V,  oii4dIe 

31  —  inD, 

in  D.  5  Lin. 

from  R. 

Oil  of  ca&sca 

12  ,. 

vtrj  veak 

ii 

Bd.  of  yelloiT 

36—  inD. 

Id  D.  23  LiQ. 

fromR. 

From  tbie  it  apjiearg  tbat  tlie  poaitioTi  of  the  maximuni  of  blackening 
•bpends  neither  on  the  donaity  of  tho  refracting  medium  nor  on  its 
remictivo  or  dispcrBive  power  (Heasler) 

CbloTtde  of  ailvet-  blackcua  under  violet,  blue,  and  Uluifb  CTcen 
glasses ;  under  yellowiah  green  and  yellow  gliissea  it  remains  almost 
Tinohanged,  under  orange-coloured  glasa  it  acitjuirea  only  a  faint  red  tint 
after  a  coneiderable  time:  ebloride  of  silver  bl&ckcned  by  light  soon 
liecorace  lighter  and  of  a  dirty  yellow  or  red  colour  when  placed  under 
oranfje-cnloured  gla&f.  (Secbcck,) 

Chloride  of  silver  paper  doea  not  become  coloured  m  sunlight  which 
bait  pikSHed  through  the  following  yellow  liquids,  even  when  it  ia  t'ljnccn- 
trated  by  a  lens:  eoluLiou  of  neutro!  cliromate  of  pnta^fa,  of  quiiito- 
eulpharet  of  ammoTjiiim,  of  quinto-Hulphuret  of  calcium,  of  sesqui-cbl'irido 
of  iron,  of  tercblorSJe  of  gold,  or  bioliloride  of  platinimi,  also  yellow 
vegetable  iofuGioD!!.  Under  a  eotution  of  btphroina.to  of  potash  it  bceomea 
in  five  ilayB  of  a  pale  yellow  green;  under  a  Bolution  of  red  ferrocyauide  of 
putacisium  it  hecoiues  of  u  tilo-reil,  and  under  Hmmoaiuret  of  copper  of  a 
greenish  brown  tint.    (Dmper,  Phil.  Afag-  J,  16,  81,) 

According  to  the  nn-tiire  of  the  chloride  used  to  satui-ate  the  paper, 
wbiflb  ie  afterwiirds  dipped  in  filvor  solution,  the  ■cbloriile  of  silver 
attquired  Tanoiis  colours  under  iliH'erent  coloured  glasses : 


Under  bine 

green 

red  gliua: 

olive  l^rowii 

pale  brown 

brown 

deep  orange 

Chlohili:  of  |iatauLutn 

brig  lit  purple 

»\tj  blue 

bri|;bt  Tiolet 

red 

CUorLdo  of  lodium   . . 

purple 

blue 

violet 

red -brown 

Chloride  of  bu-ium  ,. 

purple 

red -brown 

pule  red 

CUorid*  of  falduBi 

rich  violet 

pa.lQ  blue 

blue 

reiMUh 

Chli>nd'(^  of  piangangige 

ricU  brijvn 

ret!di»h 

pole  rose 

yello* 

Proio-fhiur,  iron  .... 

red 

culourlen 

pole  red 

IcBilpn 

St*t|ui-clJor.  iron  .  • . . 

blua 

jellowiih 

■t  raw  .coloured 

yellow  grem 

Paper  prepared  with  chloride  of  barium  is  oolourod  yellow  by  light 
which  pasaea  through  chlorine  gas,  and  re<l  by  that  which  pftssea  thriiugh 
vajKiur  of  liyponitritt  acid.  Light  pa&slpg  tiirough  bromiuo  -vapour  doe« 
Bill  colour  puper  prepared  with  sal-ammoniac.  (Himt.) 
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When  papers  o{  this  kinJ  hai-o  been,  blaokenod  by  colourless  eunlight, 
tlicy  acquire,  wlion  exponeJ  to  it  f.»r  several  ih.ya  under  coloured  glaBsea, 
Uie  frillowing  tints" 


Under  btui;        ^Ken  y«Llow,         red  gluH. 


Sal-smmDnitr 

Chlor.bnnain 
Cblorinc  water 
C'lilorine  wawr 
and  |)otB,sli 


Culouring 

Mbarlcsa  light. 

reJ  brown 
dark  brown 
rich  bronn 
grceniBli  brown 


oJitc  gr«o 
dark  brown 
btiuBb  Ihlack 


Jvk  green 
dirtjf 

d&rker 


dirty  yellow 
grceniih  brown 
diirket 
blitUh 


red 
red 

duikj  rod 

reddcued 


On  furtlwr  espoaure  otbor  colguw  are  alw  developed.  {Hunt,) 

Bromide  aod  iodide  of  ailrer  are  affected  by  %lit  much  in  the  esiUQ 
way  sih  tlie  chloride. 

Iicdide  <]f  silver  procipitated  by  iodide  of  potassium  from  witrate  of 
silver,  wiLsIied  awl  dried,  Llsickeciij  slowly  wheu  exjHi^ed  to  light,  remitips 
rolourlt^xH  in  tins  dark  when  dry,  but  iF  wotted  resumes  iL«i  yellow  colour 
in  tbe  dark.  (Huut.) 

fJaffurnt'n  Bromide  of  Silver  Paper.  Tlie  paper  is  firsl  eprwMi  orer 
with  solution  of  ftilvcr,  then  with  solution  of  Iromiilc  of  ^Mitagfiiani,  then 
agftin  with  aolution  of  silver,  and  dried  after  ea*li  ojwnUion.  This  p(i|tcr 
is  insenwilile  to  hetit,  bat  very aciiHiiivo  tii  lij,dit,  in  which  it  becoiues coloured 
firwt  bluish  green,  then  olive  green,  and  liiiiilly  nliriojit  blan-k. 

Ifrntt's  /odifte  itf  SUver'f  I'^iper.  Tlio  iiiLjicr  ia  tirtl  mmMtencd  with  n. 
Bidutioij  of  iodide  of  potas^iaiii  in  46  partU'  of  wutor,,  thru  with  a  solution 
of  I  part  of  nitrs-lQ  uf  silver  in  58  parts  of  water.  This  pa]>er  i*  vtrj 
dvliinvti'.  In  white  light  it  beconiea  brocrn,  under  eolation  of  aniniooiuKl 
of  copjwr,  a  rich  light  Mue,  under  tHilutioti  of  avotate  of  copper,  brown, 
niidor  txdution  of  wsijui-^cldoride  of  irun,  grocu,  and  under  eolutiuo  of 
mmiine  in  acjueoos  ammonift,  brown-red.  (Hunt.) 

T  Tiillot't  Caloti/pe  Procrst.—A  sheet  of  the  best  writigg  paper  of 
eniooth  eurfac)?  atid  clow,  even  texture,  ia  washed  by  inca.ns  of  a  soft  bnii<h 
with  n  «oliJli«n  of  50  gr.  of  crystatlited  nitrntc  of  silver  iu  one  ounce  of 
iliHlillcd  water,  and  then  ilric) — either  by  holding  it  at  4ome  ^i»<taocc  before 
a  fifo,  or  by  8pi>nlii.neo»a  evaporation  iu  a  dark  rtwrn.  When  dry  or 
nrtarly  «n,  it  immersed  far  two  oi-  three  iitinules  In  a  emtution  of  iodide 
of  |H>taMiinni,  containing  500  graiu.><  of  that  kiU  iu  a  pint  of  wator.  It  is 
then  immerHi.<<]  in  water  for  a  rjuarter  of  an  bour.  lightly  dried  with  blot- 
ting p»per,  ami  the  drying;  completed  bv  holding  it  near  n  fire.  All  thcMi 
njaTitiiuiH  are  W^•t  [K'rformed  by  <-audle  lights  The  pa|ter  thufl  prepared 
in  railed  iodixt-d  i>ap(>r;  it  in  not  sensitive  to  light,  an^^  may  bo  preservctl 
ff'r  any  Iniglh  of  (imo  wiibout  ehangc.  When  re<|!iired  for  u:w..  it  is  to 
be  wa*!!!"!  with  a  Ei<|uic|  |iri?|iapcd  by  lUs-'^olving  100  gr.  of  ('rywtnlliw.Hl 
uitmto  of  Ktlver  in  i  t>z.  uf  dit-tdled  water,  adding  to  the  Ntilutiiiu  it^  own 
volume  of  ntrofig  nc^tic  acid,  and  mixing  ibti  liijuid  tlinn  formed  wilb  fruui 
one  to  twenty  tohinies  of  a  t<atumled  ^ullllil•n  of  rrystiiElized  gallie  ai-iU 
ill  cold  diflilled  water,  h  U  best  to  mix  llm-^  liiiuidfi  in  small  ouautrliri 
at  n  tinif^,  ns  tbe  mixluro  docH  not  keep  loti^  without  M|H>iling,  Thix  eidu- 
tiou  (which  Mr.  TalU.t  calls  tho  yatlo-vHittU  of  silver)  i»  to  Iw  wMhe-l 
over  tho  pttjjcr  oa  ibe  aide  previpualy  io<liied,  and  after  tbe  li({ui<l  biu 
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been  Bllowed  to  lemain  on  it  for  half  a  minute,  it  must  be  dried  lijfhtl/ 
with  blotting;  paper.  This  operation  requires  the  total  exolasion  u 
daylight.  Tbe  paper  prepatea  in  this  manner  is  exquisitely  sensitire, 
exposure  of  less  toaa  a  second  to  diffused  daylight  being  quite  sufficient 
to  produce  a  decided  effect  upon  it. 

Tbe  calotype  paper  may  be  uBed  for  taking  portraits  from  the  life  by 
means  of  the  camera  obscara.  It  is  tbe  only  paper  yet  discovered  sum- 
ciently  sensitiTO  for  this  purpose.  When  properly  prepared,  it  yields 
pictures  of  exquisite  beauty  and  fidelity.  It  likewise  serves  for  taking 
representations  of  buildings,  scenery,  &c.  The  picture,  as  first  produced^ 
is  generally  latent  and  invisible,  but  may  be  brought  out  immetuately  by 
a^n  wasoing  the  paper  with  a  mixture  of  1  part  of  the  silver  solution 
with  3  uartG  of  the  saturated  solution  of  gallic  acid.  In  cold  weather, 
the  development  of  the  picture  may  be  accelerated  by  holding  it  over  a 
basin  of  hot  water. — The  picture  being  thus  obtained,  it  is  to  be  fixed 
by  washing  in  clean  wat«r,  lightly  dryiug  between  blotting  paper,  and 
then  washing  it  over  with  a  solution  of  bromide  of  potassium,  containing 
100  gr.  of  tmtt  salt  in  8  or  10  ounces  of  water :  after  a  minute  or  two,  it 
is  to  be  again  well  washed  with  water  and  then  finally  dried.  Where 
bromide  of  potassinm  is  not  at  hand,  a  strong  solution  of  common  salt 
may  be  used  in  its  stead. 

The  calotype  pictare  is  a  negative  one,— -but  positive  copies  may  be 
obtuued  from  it  by  placing  it  with  its  face  agiunst  the  sensitiTe  mde  of  a 
piece  of  ordiuaiy  photographic  paper  (Talbot's  chloride  of  silver  paper 
already  described),  pressing  it  into  close  contact  by  a  board  below  and  a 
glass  above,  and  exposing  it  for  a  diort  time  to  good  sunshine.— A  more 
sonnUre  ct^ying  paper  may  be  prepared  by  soaking  letter  paper  for  a 
minute  in  a  solution  of  salt  and  water — one  os.  of  salt  to  a  gallon  of 
water — drying  it,  and  then  washing  it  over  with  a  mixture  made  by 
adding  to  a  solution  of  70  grains  of  nitrate  of  silver  in  an  ounce  of  water 
snfficient  caustic  ammonia  to  nearly  redissolve  the  precipitate  at  first 
prodaced. — The  positive  pictures  are  fixed  by  washing  in  water  and 
immersion  for  ten  minutes  in  a  solution  of  hyposulphite  of  soda  (1  oz.  to 
a  pint  of  water) — then  finally  washing  and  drying. 

Since  the  calotype  was  first  patented,  some  further  improvements 
have  been  made  by  Mr.  Talbot,  among  which  may  be  mentioned:  1.  The 
removal  of  the  yellowish  tint  of  the  iodide  of  silver  from  the  paper,  by 
immersing  the  pictare  for  about  ten  minutes  in  a  bath  consisting  of  a 
solution  of  hyposulphite  of  soda  in  ten  times  its  weight  of  water  and 
heated  nearly  to  the  boiling  point, — then  well  washing  and  drying  it. 
TA  stronger  solution  of  the  bypo8iil|>hite  may  also  be  used  cold*  the  paper 
being  immersed  in  it  for  a  longer  time :  this  will  be  found  the  more  con- 
venient method  of  the  two.]  After  this,  the  picture  is  placed  npon  a  hot 
iron  and  wax  melted  into  its  pores  to  increase  its  transparency.  The 
excess  of  wax  is  removed  by  pressing  between  blotting  paper  with  a  hot 
iron.-~-2.  Rendering  the  calotype  paper  more  sensitive  by  placing  a  warm 
iron  behind  it  in  mo  camera  while  the  light  is  acting  upon  it — 3.  The 
improvement  of  photographic  drawings  by  exposing  them  twice  the  usual 
time  to  the  acUon  of  sunlight.  The  ehawws  are  thus  rendered  too  dark 
and  the  lights  are  not  sufficiently  while.  The  drawing  is  then  washed, 
and  plungw  into  a  bath  of  iodide  of  potaffiium  of  the  strength  of  500 
grains  to  a  piut  of  water,  and  allowed  to  remain  in  ttfor  a  minute  or  two, 
which  makes  the  picture  brighter  and  causes  its  lights  to  assume  a  pale' 
yellow  tint.   It  is  then  washed,  and  immersed  In  a  hot  bath  of  hyposul- 
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{iblte  of  «o(]aj  tin  the  pdlo  yellow  tint  is  removed  and  the  lights  retofttck 
quitn  white.  The  pictures  thus  fi&islictl  liare  a  pteuiing  and  pccolimr 
effact.    [For  the  other  improvenionte,  vid.  HuuI'b  liti^arcfies  on  Lig/ii.] 

Various  otber  proceasoB  have  likewiae  been  deviaoii  for  biking  aun> 
pictures  cd  paper.  Sir  John  Kerscljel  bas  obtaioed  aome  rcmiLrlEAbl* 
rcsulUi  with  jiapcr  wiubeJ  with  solution  of  ammoulo-citrate  uf  irr>n. 
Paper  Uitis  prepared  ia  very  sensitive  to  liglit,  but  tbe  pictures  impreaud 
upon  it  ftro  faint  and  sometime*  Marcely  viaibJe:  they  may  however 
brought  out  very  strongly  anil  clearly  by  WH^btbg  tbe  paper,  sftCT  tx 
Bure  to  lights  with  TorioUs  liquids,  t.ff.  a  aeutml  BoloLiua  of  guM  {CAry 
typf) — and  various  eoinpound-i  of  iya.nogen,  ferrorpuiidn  of  potuaium,  & 
{C  if  linotype).  Tbeso  processpa  will  be  found  fully  deecribed  in  Sir  Jo' 
HertkchoVfl  momoirs  {Phil,  Tram.  1842,  JI,  181,  and  1843,  1.  1),  alwi  ia 
Hunt'a  lieuarekci  un  Light,  pp,  137—149,  The  hitter  work  likewiM 
eootaiaa  a  detailed  account  nf  the  actioii  of  light  ou  various  compouod*  of 
tilvor,  also  on  salts  of  gold,  platlDum,  toercury,  iron,  copper.  luangaDeeo^ 
loa^l,  nickel,  tin,  cobalt,  autiniouy,  and  chromium. — The  cahtype  proc««i 
is  however  the  only  ono  which  hm  boon  brought  into  actual  ii»6  for 
obtaining  tiuo-picturea  oD  paper.  ^ 

Dat/tterreblffpe.  A  r^ilTerc*!  copper  plate  is  carefully  poliahed  villi 
pn  in  ice*  stone,  dilut«  nitrio  a^id,  and  cotlun,  aud  placed  in  a  box  at  the 
Ordinarr  temperature  over  iodine,  till  the  vapoura  of  ihe  iodine  bava 
oovercd  it  with  &  y^Waw  film  of  iodide  of  xilver.  Tt  is  then  placwl  for 
some  minutea  in  the  camera  obacura,  whieh  alluwg  tho  illimiiinatcd  pioture 
of  an  object  to  fall  upon  the  place.  (Tbo  li^ht  which  ffLlls  on  tbu  plate 
probably  eeparatea  iodliie  from  the  iodide  of  eilver  and  uilri^r  free, 
chiefly  un  thiist!  partM  where  ita  action  h  most  inteneo.)  The  plutc.  ou 
which  no  alteration  ia  perceptible,  is  now  placed  in  a  diirk  covered  box  »t 
nil  angle  of  4.'i"  over  a  veesel  containing  mercury  heated  to  75'  C.  (107^ 
Fah.)  till  the  desired  shading  is  producetL  (Tho  mercury  which  rim  in 
Tapour  does  not  odbere  to  the  portion  of  the  surfaco  covered  with  undfr- 
compoaed  iodide  of  silver,  but  only  to  the  silver  which  baa  bMD  Ml  ittt 
by  the  action  oF  light,  with  which  it  forma  an  amalgEuii  iu  dropf  about  r|-r 
millimetre  in  diameter.  Lastly,  the  plate  is  imniersrod  in  a  aolulioD  uf 
hyposulphite  of  soda,  then  waxhed  with  hot  water  and  dried.  (Da^uerrv.) 
— (ThehyjKwulpbitoofsodadiHsolvesall  tho  ludideof  silvei';  consequently, 
ufl  those  part«  of  the  plate  on  which  the  li^ht  in  the  camera  obscum  baa 
not  acted,  there  rcmaina  clean  polished  ailvcr,  which,  whea  the  light  &1U 
|^ro|icrly  upou  it,  appears  black  :  on  tho  other  [tarts,  according  to  tlis 
intensity  with  which  the  light  has  acted  on  them,  there  exist  rmrious 
sambera  of  amalg-timatcd  glohulea,  which,  by  their  greater  hrigbtoMa, 
bring  out.  tho  contru»i  of  the  picture.) — If  a  plate  of  silver  p^djidied 
aboTS  Im  partly  uovured  with  imjjer  and  exposed  to  vapour  of  mereuj, 
tbs  ama  eoatrut  ia  aeeii  on  removing  thcj  paper.  (Kyfe.) — If  tb«  iodissd 
phtto  he  oovared  with  dtfl'emit  coloured  glasa  plates  and  then  introdooed 
into  the  camera  ohecuni,  a  perfi<ct  jncturo  will  bo  obtained  with  blaa 
gtau,  B  toloTably  good  one  with  yellow,  and  none  at  nil  with  rvd  or  green. 
Ammuniuni  of  copper  acta  like  blue  gloaa,  ae»c|ui-chlurid9  of  iron  lik* 
yellow,  acetate  of  cup|M>r  like  green;  oti  the  other  band,  the  rod  •olutinn 
of  carmino  in  amnnouin  givva  a  faint  picture  in  which  tho  mercury  exhibits 
a  red  ecdour.  (Hum.) — loMtead  of  tb«  lediomi  pnlishing  of  pUt«  wiUl 
nitrio  acid  aiid  immirc-itonc,  it  iiiHy  also  \m>  gently  mbbeJ  with  la 
aqueous  eolulioD  of  iotlidu  t>f  pulaaaium  containiDg  a  little  excees  of  iodine, 
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till  nil  the  parts  aro  eqnaJEy  attadtcd,  then  oxpofied  to  iha  light  for  somo 
minutes  and  polished  with  dry  cotton,  (Hunt.) — If  the  plate  be  exposed 
to  tho  vapours,  of  chloride,  bromide,  Ac,  of  iodine,  instoad  of  those  of  pure 
iodine,  It  reqiairea  hut  n.  few  decond^'  illuminatiou  in  the  tamera,  and  thoA 
becomes  adapted  for  taking  portraits.  (Berrea.) — Id  order  to  obtftia 
more  distinci  shading,  Fizeau  .spreads  npon  the  plate  prepared  hy 
Bagaerre's  method,  a  eulution  of  1  part  of  cblorido  of  gohl,  and  3  parta  of 
liyposiilphite  of  Hcida  in  lUOO  parta  of  water,  and  beats  it  gently  for  a 
minute  or  two.  The  gold  which  is  precipitated  from  the  silver  imparts  a 
deeper  black  to  it;  the  mercury  wliieh  combines  with  it  makes  tho  colour 
darker  and  more  stable.    [  Vid.  also  Dagoerre,  I*offff.  62,  SO.] 

T  TViermoffraphi/.  Moser  (Poffrf.  $0',  177)  ha«  shown  that:  A  tur^oe 
U^hick  has  been  touched  hi/  a  body  in  any  parlicv.la.r  part,  af^quirts  the  pn^ 
of  prrcipOalinff  all  vapours  that  may  adhere  to  it  or  whidi  combine 
chemically  with  it  on  tJiose  parte,  diferently  ivhaC  U  does  on  ike  imtoucktd 
parti. — Thus,  if  we  write  on  glasB  with  any  flubelatiee  that  will  not 
Bcratch  the  surface,  and  then  breathe  upon  itj  the  writing  becomes  visible. 
Agniu,  oD  placiiiig  coins  upon  a  pEate  of  gla£s  or  metals  and  allowing  them 
to  remain  in  custact  for  some  hours,  nu  change  is  vtBiblo  when  they  are 
remuvfld:  but  hy  breathing  on  tho  plutej  or  exposing  it  to  any  vapour 
(that  of  Riorcury  or  iodine  for  instance),  beautiful  images  of  the  coins  are 
produced.  Absolute  contact  is  nut  necessary  for  the  production  of  these 
images:  mere  proiimity  is  euffiicient,  The  general  law  of  the  pheno- 
menon may  be  thus  espreased  "  When  two  bodies  are  su^cieiiily  ap^ 
jproximaled,  ihfij  miUuaUy  d<^*ict  each  other."  Moser  attributes  this  effect 
to  the  action  »f  rays  of  light  which  ht»  imperceptibly  tv  our  eye«,  and 
ftpplies  to  these  rays  tho  eomuwhat  pantdoxiual  appellation  of  "  /nvitibU 
Liff/it." — Hunt,  who  has  examined  these  phenomena  with  great  care,  finds 
that  to  produce  good  impre«slous  of  coins,  &c.  on  metal  plates,  it  is 
neccssarv  to  nee  dijsAimihtt-  vi^tah.  Thu»,  when  a  sovereign,  a  shilling,  a 
large  silver  medal,  and  a  penny  were  placed  upon  a  polished  copper 
plate,  the  plate  gently  warmed  by  passing  a  spirit-lamp  under  itsi  anrface, 
and  when  cold  exj>oeed  to  the  vapour  of  mercury,  each  piece  had  made 
its  impression, — but  those  made  by  the  gold  and  the  large  medal  were 
the  most  distinct,  the  lettering  being  copied  oe  well  as  the  disc  traced 
out.  ImpreHsions  of  still  greater  distinctnecB  were  obtained  when  the 
plate  wan  more  strongly  heated. 

These  oxportments  seem  to  show  that  the  calorific  reUilons  of  the 
v  materially  influence  tbe  rc^'ult;  and  this  is  more  strikingly  »howa 
the  following  arrangements. — Pieces  of  blue,  red,  and  orange-coloured 
EiasB,  also  of  crowu  and  dint  glofis,  tnica,  and  a  er|uare  of  tracipg  paper, 
being  laid  for  half  an  hour  on  a  plate  of  copper,  the  space  occupied  by  tbe 
red  glass  was  found  to  be  well  marked,  that  covered  by  tbo  orange  glass 
"Wius  tosH  distinct,  but  the  blue  glass  left  no  imprefsion.  The  shapes  of 
the  flint  and  crown  glass  were  wt-ll  made  out,  and  a  remarkably  strong 
impression  left  where  tho  crown  glaia  rested  on  the  tracing  paper,  hut  the 
mica  bad  sot  left  any  impression.    Tho  same  glasses,  together  with  a 

£iece  of  well  smoked  gloss,  wero  placed  fur  half  an  hour,  ^7  of  an  inch 
■l/inf  a  polished  plate  of  copper.  Vapour  of  mercury  brought  out  the 
image  of  the  smoked  glass  only. — All  these  glnsses  were  placed  on  the 
oopjior  and  slightly  warmed.  The  red  and  smoked  glaeaea  gave,  after 
Tttporisation,  eq[UaIly  dietiuot  images:  the  orange  tbe  next:  the  others 
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left  but  faint  marks  of  tlieir  foma.  PoliaLing  with  Tripoli  and  putty 
powiler  woTilJ  not  roniovo  tbe  images  uE  tLe  smoked  and  red  ^Inssee. 

The  sanio  coloured  gliiases,  Src,  were  placed,  together  with  a  thiek 
pie€e  of  elmrooftl,  upon  il  plate  of  copper  and  pipoaed  to  fervunt  sunshine. 
Metfarial  viipour  htougbt  out  the  imuges  in  Uie  following  order:  Suioked 
glsxaf,,  crown  glass,  red  glass,  niic*,  orange  glass,  paper,  charcoal,  tbe 
ewiii,  blue  glass, — tbua  distinctly  proving  that  the  only  rays  which  had 
any  influence  on  tlio  metal  were  tbe  cn.loriEc  rays.  For  this  reason,  Mr. 
Hunt  appUes  tbe  term  Thfrmogi'ap&if  to  tbe  production  of  images  la  tbia 
manner. 

The  thermographic  prddeas  ia  applseAhle  to  the  copying  of  engravings. 
An  account  of  the  tuethoil  will  be  found  iti  Hunt's  ReAfetrc/un  on  Li(/ht, 
p.  233.  Tbe  Afimo  work„  pp.  210 — 212,  nlso  contniiis  a  variety  of  other 
interesting  ilet9.iltj  relating  to  this  ctirious  iiioclo  of  action.  [Vid.  also  Ann. 
Chan.  Pliarm.  48,  164.]  IT 

Solar  light  may  bo  supposed  to  ^onsiHt  of  three  kinds  of  rAy», — the 
hfaiinij,  tlie  Itiminous  and  coloureJ,  ami  the  chemical  rar/f, — the  first  of 
M-hieh  are  tbe  least  and  the  last  the  most  rofnvnjfihlp,  According  tt>  this 
view,  the  litfllt  of  tbe  euq  refracted  by  a  prisot  produces  three  ttpectra:  iu 
the  midille  the  U'jH  uitd  coiour  tprrfrttrnj  on  the  one  side,  the  /i«a4  ^p<v- 
truni  with  it^  nrnxlnium  in  tbe  neighhourliood  i){  the  red  ;  and  th? 
other,  the  clteinical  tfirctrum  with  its  masimmii  in  the  neighhoiirlmod  of 
the  violet.  The  rays  from  the  grecu  to  the  red  tikewUc  exhibit  cbemical 
action,  inni^much  they  inipfirt  n,  sumeh  bat  lighter  colour  to  chloriilo  of 
silver:  hut  ou  the  other  hand,  they  sc-cui  to  exhibit  an  nctioQ  contrary  to 
that  of  the  cherjiica.1  rays,  aince  they  remove  tbe  bluckeuiiig  from  chloride 
of  silver  wliieli  ha.'j  been  ai'ted  upon  hy  white  light,  and  instantly  destroy 
the  power  of  niagiicta  formed  by  the  action  of  light. — Tbe  assertion  of 
Orottbu^,  that  hluo  iodide  of  tlarcli  is  most  quickly  diecolorieed  by 
yellow  and  gre«n  ligbt,  and  tbe  blond-red  ah-oliolic  folutiun  of  enlpho- 
oynnidc  of  iron  by  bluo  and  green  light  (from  whteb  he  concludes  tlmt  a 
ray  of  cj^loured  light  moat  easily  decolorizc(<  substances  of  opposite  hu9, 
and  endeavours  to  impart  ite  own  colour  to  tbemj  reijuires  further  exami- 
nation, iuasniiich  as  it  ia  opposed  to  the  e3C}>erienco  of  other  observers. 
The  eanie  may  ho  snid  of  Sir  H.  Davy's  OHsortiou  (^Elfin.  1,  187)  that  the 
red  ray  acU  ou  a  mixture  of  cbiorine  and  bydrogcn  gsse-s  and  uii  wet 
jtcroxide  of  lend,  more  powerfully  than  the  other  coloured  ray*. 

Since  the  chemical  rays  of  tight  often  cause  the  separation  of  oxygen 
from  metalr^,  they  have  been  called  de-Qyidizinff,  and  tho«e  towards  the  T«d 
and  of  the  ejiectrum,  oxidi:infji  raya;  incorrectly  however,  sinew  the 
chemical  rays  also  bring  about  the  conibimtiuD  of  uxygeu  with  guiacum 
and  colonring  matters,  of  ebtoriiie  wi(li  hydrogen,  &c. 

Many  of  tbe  changes  produced  by  light  may  alao  Ijc  hruiighl  about  hj 
alight  elevation  of  tem]terature ;  t.if.  the  efflorescence  of  sall« ;  inany  by 
a  Uiilin^  heal,  tts  the  4leeoH]|)ci6ition  of  most  motallie  jiall«  diaeolved  ia 
iihv,h(d  or  ether  (sulpbo-eyanide  of  iron  dissolved  in  alcohol  le,  according 
to  Grutthtiss,  hilt  tittle  discoloured  by  boiling) ;  others  again  by  a  tempo- 
mure  of  from  150'  to  sno-*,  as  the  combinalioii  of  chlorine  wiUt  hydnKgni^ 
and  the  bleaching  of  coloured  fnhricA  exposed  to  the  air ,  others  also  at  5 
red  heat,  at  which  light  may  like»iw>  aMist,— as  the  production  <.f  ciid* 
of  phoHphonia.  But  in  many  casea  the  a«liun  of  light  «nnot  be  rcplorod 
by  that  of  boat,    Chlurido  of  silrer  does  not  bbielicn  oron  at  a  reJ  heal, 
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at  which  it  metts  and  tiul)liiiics.  The  greea  parte  uf  plants  do  not  eepa- 
rnte  oxy^ea  from  carbonic  acid  at  any  Itniperatiirc  in  tho  absence  of 
light.  It  is  to  be  reninjrked  that  the  raja  hy  whicEi  chemtual  action  is 
produced  arc  not  the  bottest  but  the  coldeat  mya  in  the  spectrum,  Henca 
it  is  only  in  a  few  cases  thiit  wo  can  adnpt  tlie  views  of  Rumford  nnd  of 
Gay-Liiflsjic  &  Thinanl,  and  attributQ  tlie  chemical  eflecta  of  light  Co 
the  rise  of  tempefature  which  it  produces  oa  comitig  in  contact  with 
ponderable  bodies. 

2.  Development  of  L  iff  At  bi/  Ponderallf  SubaCaneeB. 

The  development  of  light  ia  either  vivid  aucl  attended  witb  roneidora- 
ble  rise  of  tempf  rature — Fire — or  it  ia  faint  and  accompanied  by  little  or 
no  doyelopment  of  heat — Pltosjthoreseaicef  LtminoeU^. 

A.  Detrdoptnent  of  Light  htf  the  mxUml  cAtmical  adiim  of  FonderabU 

bodies. 

a,  Dtvetopmf}it  of  Light  as  a  comfqtienee  of  actual  Chemical  Camhtmtion, 

Many  fiiih^tBntea  whoae?  afGuity  for  each  other  qouaiderable, — lha 
elementary  bodies  therefore  iuo»t  of  all  (uccurdiugto  I.aw  2,  a.  p.  144), — 
develop  Hgbt  and  heat  at  the  momeiit  of  conihiiintion.  The  clement 
which  moBt  frequently  dcvelnpji  liyht  and  heat  in  combining  with  others 
is  osygen;  and  the  wet  of  its  eonibitiiition  with  other  todiea  ie  pro- 
eminently  denomiiialed  VovibuMion.  Tho  body  wliieli,  next  to  oxygen, 
moBt  commonly  producer  light  and  heat  in  cooibinini^  with  others,  ia 
iiUonnej  next  follow  bromine  and  iodine;  then  aclenlnni,  sulphiiry  and 
phofiphorns. — But  few  comj'oiind  bodies  develop  light  in  conibicing  with 
others-— Hydrate  of  potash  or  soda  prodncea  light  in  combining  with 
suljiliufic,  nitric,  or  concentrated  acetic  ntid  dropt  Upon  it ;  baryta  or  lime 
Tfith  water  or  one  of  the  acid^' juhC  mentioned;  iriagncHia  with  sulphuric  or 
nitric  acid.  (Heinrich.) 

The  light  lunat  either  have  existed  ready  formed  in  one  or  both  of  the 
combining  bodiesj  and  he  merely  sepftrated  by  the  act  of  combination,  or 
it  must  be  evolved  during  the  combination  of  the  ponderable  bodies  out  of 
im[>ODderabIe  elements  ccmtaincd  in  them;  on  the  latter  hypothesis,  it  ia 
moat  probable  thai  one  kind  of  electricity  is  EuppLied  by  oxyj^cn,  chlorine, 
&*c,  and  the  other  by  the  motals  and  bodies  like  tbom,  IV'id.  Devtittp- 
mevt  of  Heat  in  the  chapter  on  fftat,  and  Ctmiiut{i<m  in  lie  chapter  on 

b.  Developmmt  of  Liijht  at  a  eonsfquaiM  t>f  probable  Chemical 
Contbination. 

(a.)  Phoephoresoence  of  living  Organized  Bodies. 

I.  Fhofpkoresanu  of  Living  Animals. 

The  phoBphoreeeence  of  these  aacmals  appears  to  arise  from  thia 
circQiuetance, — that  they  climtDato  a  peculiar  and  iu  most  caves  liquid 
BubHtanre,  containing  phosphorus,  or  some  other  element,  which  combiqes, 
at  ccuimoD  (epipcratnres,  with  the  oxygen  of  tbe  air  or  of  water  contuining 
air,  producing  a  faint  luminoufi  appearance.  Not  only  does  the  eepara- 
ttOD  of  tbiti  fluid  appear  to  depend  upon  the  life  of  tbe  animnl,  but  ita  will 
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>Wfa;  A~  pecaliar  baad  of  Z  fliralrtB  T1i«  bodiei  of  dead  fiab 
also  appear  pb^bireiCBat  at  tiawL  (Caagreba.) 

JuaaU.  I.  CblMpte*.*  Ek^kr  waMmam,  namibu,  Lamtprndivm,  rrtrrh 
Xaamniir  J^— M>r.  /aavt,  pjrPVpAomu. 
Cani^  I«<i^.  ""d  .M«>V*<*^''  I^UKpfri* 
fweftlMM.  yl^nrfirfirfa,  Aafifla.  and  liwyfiia  acpordia;  to  IIIiMr  is 
wolpho^horeipatl);  a^AarafaMfJfcwyWmM  (t)  (Laet, 

nyt.  44,  300);  Bmpr^  HdfltW, 

3.  ffemtpbm.  ^wtpAM  lflim«rfia  (tb«  laHiaon«y«fwbidiH  doubted 
bj  Maitias  and  Spix)  uid  fAfajia. 

4.  Dipltn:  Cola  m>MU  (Hablital,  /Tam  aardbdU  BrUra^,  A,  38<]. 
J.  M^riapoda :  &olopen««  fliydoraa  Md  mdmtofw/ 

J'atiM. 

«.  JradhiUa:  T^UTini^'m. 

7.  CViMtoon:  Manj  S^Ula;  Ommt  .^^^cai^  gMCTMrraw  and  ettea; 
Aamamt  JPaler  (sonwtinies  only).  raiMf«icAii.  faiyicarab,  /niMeiitaii,  ctr- 
eutaofiu,  A^frnx'kfvf  and  muaMMiiiiM/  Onifna  fi^ftn*;  Cftlvjn  exihema; 
Amymom*  attd  Hamptim  (A«  joaa;  of  Cjrclo|H);  M^nomiaM. 

mdiata,  and  others;  SpirvffmpAU  SpaHaiaanii,  twmtrinu  trrrfttns,  Bim- 
pfw-iMiMUj  and  Ilirtitatida  ;  Pf'iMria  rfttua;  BranrAimrm  amadripfi. 

8.  JfoUiuea,  PAoUu  iKutytmt.  all  kitidA  of  Sa//xi  (or  ^inAoini).  at 
p'andfti,  ajbiu,  mttuniOt  mfutata,  6uy>rmUf  txantOa,  wemata;  and  of  Pyro* 
Mn^.  wit.,  J'ynaomm  AlUmlitum  or  Ti^<piofW  Auiirafit. 

ZniffAfjtft.    I .  JEoefiafa.-  Aaltriaa  moetilmea;  Opkiura  /ubtpisfw. 

2.  Acnifpha:  Tety  many  sperirs  of  Vedtan,  as  pfjo^wo,  /MtttKtiu 
(thoaa  two  •paeiM  perhkp*  ideotical),  tciHtiOan*,  tim^tg,  AMirfa, 
jtkeeriea.ovtita.  tuhetvulata,  panapyn,  nectifvca.  anrka,  the  wmali 
of  Jurrf^:  tniny  spwie*  of  u  /Wywii,  ffUAota, 
nuU,  muunj,           Phfaniia  AniKiua  aad  piaiwa;  wrwal  vpwiai  af 
PhsMophartL,  UifictXwT  with  ^Atu9>AyM  an<)  .SftT^S-iJiotMwj. 

3.  Poiypi:  Sertuiarut  neritina  and  •o/«*t/a  (tff.  ^-  A'-.  A'.  &  4, 
988);  /'<n»(i'Wa|>A0ipiona,^rtMt,andalloth«rB;  Va^mCrmmor^, 
aorunliuB  to  Leuckart;  /ni;  Oaryomia;  AUyonumt  m»,  aeenadtM  *« 
Lnuokart;  Spomffia. 

4.  If^uaonaj  LfucopAca  ivhinoidat;  Tridioda  triamfutarit^  grmutkm, 
Clapa  nod  «a4uMhiii.  PafydMppus,  tritpa^  eryvtelfM^ 
Coflw  and  ijyiratiij  VortwUa;  Cttvana:  Vibrie;  VolwMk 
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The  eggB  of  Laeetia  affiiis  and  of  soma  serp^uta  emit  n  beautifal 
green  light;  the  fresher  they  are^  the  iDore  hrightly  tSiey  eh'me.  When 
buried  in  moderately  damp  enrtli,  they  go  on  eLmin^  for  weeks;  expoeed 
to  the  air.  they  becomo  dry  and  soon  lose  their  l)lloe];^ho^e8ceBoe.  (Lang- 
rebe.)  NoD-liimiDouH  egga  btoomo  ItuuiuoLis  by  agitation,  (Grtindler, 
/i^aturjhrxcher,  3.  28.) 

In  the  Klaler,  there  are  two  elongated  and  roundish  lumiDons  spots  on 
each  ^ide  of  the  dorea!  covering.  Those  are  glands  containing  a  yellow 
BubstHRoej  and  to  th«sG  the  nuimEil,  by  me&uti  of  branches  proccediog^  frvm 
the  cells  the  lungs,  can  allow  a  large  or  somll  quiiQtity  of  air,  or  none 
at  all  to  hare  access,  tvhereby  the  development  of  light  made  stTunger 
or  weaker,  or  ceiuscs  altogether.  The  animal  shines  for  six  or  ef^htdaya, 
even  on  the  needle.  (Spoi.  C'omp,  Illiger,  Mag.  d.  Oet.  naturf.  Freunde 
tn  Berlin.     I8U7,  141.) 

Tha  female  of  Lampyris  noetiltiea  or  Bplendt'dula  (the  glow-womj), 
whoBe  ahdonien  18  divided  into  sijt  segmienia,  shines  on  the  under  part  of 
the  lai^t  three  ahdominal  rings,  which  are  dietinguislied  by  a  yellowish  or 
greenish  white  colour  from  the  brown-coloured  pjirtaof  the  rest  of  the  body. 
VVithiu  the«e  three  tenninal  riug«  h  fuund  the  luminous  niatterr  a  yellowish 
whjto  transparent  Biibstunce,  (jonBieting  of  ramifying  fihrea  and  granules 
of  an  organic  structuro,  heavier  than  vrater,  yellow  and  opaque  when 
dry,  and  consisting  principally  of  a  material  which  exJubita  the  ehemival 
propertiee  of  soluble  nlhumeii.  (According  to  Heinrioh,  9,0  adhesive 
luminous  substance,  which  imparta  its  phosptoresiieiit  properties  to  water 
or  oil,  may  bo  eqiieezed  oiit  of  tho  animal^  according  to  Macartney,  this 
Kuhstance  when  t+eparated  from  the  animal  ia  no  longer  luminous,  wb^reaa 
the  bag  coniaioing  the  lumlnuuH  matter  eUinea,  when  separated  from  tto 
animalj  for  several  hours  in  the  air,  and  for  46  houra  in  water.)  The 
phosphorcficence  of  the  animal  begtiiis  about  7  or  3  o'clock  in  the  evening' 
and  continues  till  sunrise.  (According  to  Macartney,  a  thermometer 
rieea  when  placed  in  contact  with  the  insecte  while  emitting  light,  but  not 
when  in  contact  witli  tho  geparated  luminous  mattor  of  the  tail.)  The 
phospliorescence  of  tho  insect  is  totally  unaffected  by  v&nt  of  food,  or  by 
BlomiB,  thunder,  or  candle-light.  It  ia  strengthened  by  repeated  gentle 
distnrbftnce,  and  ia  most  vivid  during  the  motion  of  the  animal.  It  is 
interrupted  for  a  time  by  slopp,  noise,  mere  violent  disturbance,  or  by 
cooling  to  +  12  C  (53  5°  I'ah.), — and  then  the  phoaphorcecenco  ceases 
from  the  fore  to  tho  back  part,  two  points  on  the  terminal  ring  often  how- 
ever  continuing  to  glow,  The  luminnuH  matter,  when  kept  under  water, 
cfintinues  to  shine  for  two  or  three  days,  If  a  living  worm  be  placed  in 
water,  at  14°  Cj  and  tho  liquid  warmed,  the  animal  begins  to  shine  at 
iT^,  emits  tiie  strongest  light  iit  41";  eootinuoa  shining,  though  dead,  at  a 
higher  temperature,  and  its  light  U  ejclioguiahed  for  ever  at  57°  or  62°, 
If  the  temperature  of  the  water  bo  maintained  at  35*,  the  animal  contt- 
nnea  to  shine  for  a  long  time  after  death,  but  gradually  ceasen  when  tho 
water  is  cooled  to  25".  When  the  insoot  ia  wanned  ■without  water,  the 
game  efl'ect  is  obaerred,  excepting  tliat  tho  phosphoreaccnco  censea  sooner, 
on  account  of  the  drying  up  of  the  luminouB  matter.  Dead  glow-worme,  not 
yet  dry,  begin  shine  again  in  water  at  44°,  and  often  remain  luminous 
for  two  or  three  days  after  tho  cooling  of  the  water.  Qlow-worme  killed 
by  cooling  them  to  0"^  beain  to  fihine  again  at  3V.  If  tho  heail  or  the 
luminous  ring  of  a  worm  which  ehines  of  itself  he  cat  off,  the  light 
ceasei?  in  about  five  miniitcj*.  hut  re-appears  in  o  few  minaies  longer  in  a 
lower  degrcej  continuing  for  two  or  three  days,  and  may  be  strengthened  »t 
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pleasocc  hj  •mtrmia^.  The  ffcoeyhorescgBce  of  tlie  extracted  luminoM 
Batter  aajr  likewiae  be  stmgtlwaed  bj  BMMlento  faeating,  and  dttttvjvA 
bj  a  heat  of  53^, — ia  vbidi  myMl  it  tCMntbha  voagalated  alboinea.  A 
earrvnl  of  dectrialy  fnm  the  dectrica]  nuriuiWr  ar  repeated  eleotrical 
dtBchuge«  paiirod  tliro^gh  the  uinuU,  exrile  ik>  pbosphoresc'CBce.  Ff,  on 
tb»  etiaimy,  the  iatnrt  iiaiiwi  *  il  ia  a  little  v&ter  m  brought  by  means 
of  twa  wina  withia  the  divnt  ti  the  Toltuc  pile,  it  instantly  'bei:-om<>« 
lanunwn  and  coaliBBca  aa  aa  lang  an  the  riicoh  Ls  compktp,  but  ceasM  la 
■hine  erery  liaie  the  cucart  u  broken,  altbrm^  tbe  water  surroaadm^ 
the  aahnu  shovs  ao  eleration  of  tenpeiatnre  of  oa\y  Y".  Similar 
effects  are  prodnoed  apon  dtrafuUted  ^ow-worms.  od  tlie  tbfec  lermina] 
ria^  and  the  aeparated  taaiiaoiu  matter,  wbes  they  are  no  lon^r  aelf- 
lamnioos. — Hdtlier  the  animal  aor  the  I iLminoas  matter  »  pboepfaorosrent 
in  vacuo,  evea  at  the  most  faroaiable  t^mjiCRttare  or  under  the  influence 
of  the  roltale  pil«;,  op  udmitting  the  air,  ihe  lumjnMeitT  "  restored.  Tbo 
I'far^pku  re  sconce  of  the  lamiooas  matter  likewise  «ea«es  under  oil,  protAbljr 
bei-auK  the  acre^  of  air  is  impeded.  Iq  oxyg«D  gmt  and  nitnids  6xidc, 
the  gloir-ironn  appears  to  »htnti  somevbat  more  hrightlj  tlmn  in  ^Hmniion 
Mr.  (The  intreaied  Inminosit  j  ia  usjveo  gas  van  owtfrred  by  Spnllaniani 
(Gilh  1,  33)  and  by  Porster.  Aceotmag  to  Grotthuss,  the  animals  most 
be  cooled  some  decrees  lower  in  oxyzen  ^im  than  in  commnn  air  before 
they  loae  tfacir  phospborescence.)  In  chlorine  gas  the  aotmal  dies  in- 
stantly, and  if  Babe^qnently  warmed,  eniit^s  a  rwe-rolouml  light  for  a  ebort 
time.  Id  hydrogen,  carbonic  acid,  carburetled  hydroireOi  or  aalpburouH 
acid  the  plow-wortn  socn  dtes  and  emits  no  light  nhen  warmed. 
According  to  Spallauiwni,  also,  the  light  j»  extint^ul^hetl  ^radusll^  in 
tiittogPD  and  hydrogen  ga^  and  io^tantty  In  carbonic  acid,  The  lumiDOiw 
matter  also  ]osc»  its  phosphorescence  in  these  gasea,  and  f^ues  again  cm 
the  ailmisfiion  of  air  or  oxygen  ifas.  excepting  when  the  luminosity  hu 
been  d^atroved  by  chlorine,  sulphuroHS  acid,  or  vapour  of  hvpo-nitric 
acid, — Alcohol  «nd  very  dilute  wincrMl  aeidsj  which  do  not  hifl  the  ani- 
mal inatanUy,  caose  the  final  extinction  of  ile  light  when  under  water, 
and  liken-i»e  of  that  of  the  extracted  luaiinouji  mailer;  ronee^nirnted  aeida 
extinguish  it  inEtantly.  By  these  meana,  as  well  as  by  loatin;;,  or  by  the 
action  of  eoppcr-salts,  eorroaire  snblimalc  or  ether^  the  Imninoii^  matter 
paesea  into  tho  state  of  coa^latcd  alLnmcu,  »nd  then  its  hiinino^ity  in 
deetmyed.  In  aqoeou-'!  wlutinq  of  puto^h  the  lumtnooa  matter  diteolvefi 
and  loses  its  illuminating  power.  (Macaire.) 

The  Lampyris  shines  both  as  a  [►erfccl  insect  and  mIso  in  tlic  lar^Tl 
et&te,  but  moat  powerfully  in  the  nymph  »tnte.  (Ue  Gevr.)  TJje  egs'* 
hofrin  to  shine  faintly  in  four  or  six  wcets,  when  the  larvm  nri-  iK-Vfl«|)i-.) 
and  on  the  point  of  emerging.  The  femalee  eliine  with  pcctilinr  lirifflil- 
noM  in  the  breed ing-Eevwn  and  durintr  procreatii'ii^  ceaso  tu  nUiae  im- 
mediately afterwards,  but  ehino  brightly  ngnin  on  the  follnwin;;  even- 
ing; their  light  !8  brightc-st  when  they  arc  pre^ant,  nt  which  time  they 
emit  light  from  their  whole  bodies  witli  the  exception  of  the  hvad.  Tut 
rDaJefl  do  uot  ebine  during  procreation.  (Langrebe.) 

The  Lampyi-i*  lialiea  shines  under  w«ter  for  »erentl  hours,  under  oil 
for  only  20  minutes;  it  soon  loses  its  phosplioroscenee  when  itnTnerMrd  in 
hydrogen,  carbonic  a<^id,  or  nitric  oxtile  gas,  but  chines  ai;a.iii:  when  brouglit 
out  into  the  nir,  provided  laminoaity  haa  not  Iw^ni  too  long  iiiterrupleil, 
but  in  thin  cii»o  the  ineoct  shines,  even  when  dead,  in  hj-|«initrio  oeid 
vftpoiir,  emiltiug  a  gnn-n  Jrght  which  elowly  din;i|ipear<t.  (Cam*dori,) 

Thu  fcnml?  of  i,w/ti>^i  u  Italim  exhibit^  the  same  steady  tight  as  that 
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of  th^  If.  twctiliica.  Bnt  the  mule,  wlioee  two  hioJer  abdominiLl  Tmge  aro 
perfectly  luminous,  exhibits  a  Qnshing  h^hi,  Ijccdiiiing  brighter  from  45 
to  55  LiniGH  in  a.  insniitc,  in  acci>r(la.nce  witli  tbe  nuniLer  nf  pnlsations  in 
the  same  interval.  The  luniinoHs  siibHtanco  ia  fiiLunted  immefliately  on 
the  lower  segments  of  tbe  twu  Iiioiier  abdotninal  rmgs,  exactly  in  tho 
poBitloL  wbere  tbe  pulfiation  of  tbe  dorsal  vessel  ia  tho  etrongtet.  The 
i>Ion<i  may  in  this  eituatioii  etrengtln'n  the  plio&[vhuroacence,  in  consequtiico 
of  the  luori  cation  J  ritiLl  iiifliiencej  anil  exceaa  of  nxygcn  whieh  it  canses. 
The  luininoiia  matter  eeparatcil  from  the  animal  is  white  anJ  viscid, — 
appears  iiii(Ier  the  microscope  in  consist  entirely  of  email  globulee, 
between  whifh  nro  difitributed  numermis  tracheal  mmilScations, — shines 
when  sprcafl  upon  gla£?,  with  a  grecnidi  light,  which  diminishes  a.iLd  ulti- 
mately eeasee  wUeu  the  matter  become*  dry,  but  may  often  ho  reatored 
hy  moialure.  fCiirws.j 

In  Pmuui,  the  antcnntc  alone  emit  a  feeble  light.  (Afzelius.) 

In  Fulgord,  the  light  proceeda  fcotn  tbe  hollow  projection  eituated  on 
the  hinder  part  of  tho  head,  and  cfrnnecled  with  the  air-vesaels. 

Scalopendra  shiue  over  the  whole  body, 

Tho  Nereig  shines  most  conspicuoufily  when  the  een  ia  ogitntcd  ty  the 

Kaseage  of  ships  aud  other  cimses  (Spallanzani) ;  it.^  liiinino'is  matter  may 
B  diffused  through  water  (Treviranua).    According  to  Viviam,  the  Hrri- 
gera  is  tho  most  iTimlniimH  of  all  animals  inhabiting  the  Mediterranean. 

LnmhriciAS  terrestriii  sometimes  shines  iu  October  on  the  indurated 
ring.  (Brugiere,  Flaugergucs,  J.  fhyt.  16,  311;  AmJoujOj  Inisiiliif.  1840, 
3810 

J'lanaria  reiusa  Bbines  uniformly  over  tho  whole  body.  fVivianiJ. 

Tbe  Phola&  Dactifiui,  boring  mogclc,  aIso  Contains  ft  ptiot^phorescftnt 
liquid  which  adheres  to  everytliing  which  it  touclica  and  makes  it 
luminous,  and  may  he  expresseiL  and  mixed  with  water^  oil,  or  milk,  so  as 
to  form  a  luminous  fluid.  The  boring  miiaclc  not  only  ahioes  externally, 
hut  likewise  inlfniHrliy  when  cut  open  ;  it  c&ntinnca  to  sbiiie  for  a  day  oe 
two  after  death,  till  it  pulrefiea.  Its  tight  ehowa  itself  between  0°  and 
56";  gentle  heating  sti'engthens  it  but  sbortona  3t«  -dnration;  ntrouger 
heating  destroys  it,  Tbe  phosphorescence  of  mu:9c1e9  becomes  brighter 
ia  dilute  eolutions  of  common  e3.It,  nitre,  potasb,  and  sugar ;  it  is  destroyed 
by  euipburic  ncid,  vinegar,  alcohol,  and  urine,  and  by  couccntmted  soln- 
tions  of  potaah,  sal-Qniinoniac,  eaJls  of  lead,  and  vitriol.  Dried  phnla-des 
r&covcr  ibeir  luminosity  on  being  Tnoifltened  with  water,  even  after  the 
lapse  of  several  montlia.  (Beccaria,  Comment.  Bonon.  2,  1,  248.) 

Sfjiptv  (aceordiug  to  Edw.  Forbes..  Ann.  and  Mag.  nf  Nat-.  I/Ut.,  1841, 
7,  SHQ)  do  not  aliinti  of  theniBelveii,  but  only  in  coiiaequence  of  luminous 
Crustacea  which  frefjiiontly  adhere  to  them, 

Pyrosovia  Atlantietim  diffuses  a  very  vivid  light,  and  often  so 
abundant  in  tbo  sea  tha-t  fisb  can  be  diatinguiahed  by  its  light  at  the 
depth  of  15  feet-  The  temperature  of  water  in  wliicli  this  attimal  la  ira- 
nieracd  rises  about  l"  C,  &a  is  likewise  tho  cue  with  Salpte.  (Knhlf  Sckw, 
34,  304.) 

Tlio  tight  of  Aateriaa  noctiluca  spreads  itself  out  from  tlie  centre  into 
the  rays:  tbe  fiep&rateil  rays  and  their  fragments  also  continue  luminous 
for  a  time.  (Viviani.) 

Tbe  luminous  parts  of  tho  Mcdu.%n  observed  by  Spalianzani  are:  the 
large  tcntaculii,  the  edge  of  the  uinbella,  and  the  sac  which  ia  conneeted 
with  tbe  opening  of  the  uml^llit.  These  parts  contain  the  luminous  prin- 
oiple  in  the  form  of  a  thickieh  glutinous  liquid,  very  difl"erent  from  the 


turn. 


liwii  wlfr— IhtwiCT.  Thi*  rimd  UqaiJj 
to  IW  akm,  m  4im  alw  ib*  jaiee  of  fmnl 
l—tliW  Mttor  BHT  b«  «cn»p«I  off — rmdsn  bo«tiw  i 

OiUll,  Coma  uiXtnrM  wbicb  rirmarD  loEninooi  for  Wrcnl 
er«M«(l  ID  WiKhlnaM  ^((italion  or  bv  wamuDg  to  37'  C- 
nodcrftd  luiNKi^Tiia  ftfUr  their  t>hoaphon«Qakee 
ttronf^y  limt^r'],  nnj  doprivtHl  of  their  lirmiiwtrtj'  fir  <ne. 
ArjM]4  of  till*  kiti'l  may  rtlwi  hn  ohtnined  by  marfiillg  mf  tkm  «■ 
in  wnlnr;  tf  M*«<wn,ttir  i*  tiM<<l  fitr  the  porpow^  tie  laixtalV 
fMbly.) — Ttin  tiwduaa  ihini-M  in  wHlor  like  «  (onfc,  •»  b«%iulj  tbal  li 
Im  moii  at  tho  (liatitncfi  of  1I>0  |iii<.-eM.  Itn  light  is  most  brilliut  tte 
•IWrMto  eontmctioti  unci  onliLr;;<>iiK<n  t  <jf  the  diM-  Facce«d  Mch  nlh  i  vitk 
lb«  gTMlMt  npldlty ;  tho  ll^ht  in  tdsn  t^lKUgthebed  (yymotioa  fmn  wilfc- 
aot.  Willi  tbo  dimiiiutifin  of  tim  oNcillatioD  the  light  bpronin  fuat«^ 
AO'I  whnn  it  bmhc,  th«rfi  ronuinji  only  a  rerr  faint  lumioositj.  whidi  nmy 
jlIno  hi^  niMTved  after  death,  nod  doM  not  <mappear  till  putrefaetiae  wHm 
in  ;  il  ii  likmiriaa  Innrouwd  for  a  time  by  rubblog-.  A  medun  which  has 
diiid  uuL  of  wiili-r,  b-tkI  is  tiu  lun^r  luniiuoiu  but  heginning  to  deltqiieMly 
rscovi^ra  it«  lutiiiiKMiity  In  (r^nh,  but  not  in  BCa  water:  the  mter  ilso  bft* 
oomes  luininuun.  (SjiaElfiniuiiii.) 

The  laminuuity  uf  MnfuM  hir'ufn  in  WMl*?r  is  incrcaj»cil|by  warmiof ,  till 
the  water  beooinen  so  hot  m  to  kill  \\\v.  »nimD.l.  In  aEcohol  u  ahineti  ctill 
more  lirightly,  but  «oun  Jien  itnd  ot-iiHOS  to  be  luniiuous.  Placed  in  wal«r 
nader  an  exliau8(«d  recoiver,  it  «hIucB  ne  strongly  bb  under  the  ordinary 
proasuT?  of  the  air.  Th?  rlpctric  njmrk  sc<?m8  to  have  no  action  upon  il ; 
electric  shocks  cause  th^  light  to  •litnpp'car  for  an  instant,  but  it  immedi- 
atidv  roapiwars  with  incren^d  Uri^htnp§N.  (Mncnrltiev-) 

Id  Ati}fttn,  the  light  procoedw  frum  thu  Iiimo  of  the  trntaculn;  in  Bfr«i 
from  the  vessels  u]idf<r  tlio  tnce-l  filitmciil*,  (Edw.  Forbea.) 

If  0.  Phi/git/ia  he  iiiimcr^^i.t  in  itltohol  it  iaHl&ntty  C6a«e»  to  fehine,  b6- 
Win  it  dies. — Zoophytrs  do  not  shine  wbon  at  Test,  but  only  afttr  eier- 
lioa,  and  con»9i(noiiitiy  incrpnseil  rt>»piration,  iniiMUUch  u  loromotion  ao4 
mpimtinn  arc  wtth  these  atitmaU  ortf  ftm)  th«  sune  moTentent.  Their 
li^i  Iieconiee  fAint«r  lu*  tlidr  vital  force  diminifihe«t  ttnd  ceaera  wilk  iketr 
4mih,  This  LiLkea  plfic«  after  often  repeated  exertion  ud  lamiiMatjr 
iWnec  resulLing^.  (Tileaius.) 

In  lho/'CTinaruiapAo8pAdreu,tho  light  proeeod*,  not  (roinUw 
mIv  from  tlie  feathnr, — and  is  excited  only  by  motion,  eilliorw 

ar  Eadaeed  from  witboqt.    After  death,  luminoaity  is  j»ro4wJ  by  

falf  Cbe  aaimal,  a  Iuoudouk  elime  bcins  at  the  samo  tune  cinmnd  frtv 
tbtUaOur.  (Spdluuanl) 

iuAttyvnmm  ecoi, likevis?,  the phoepliorMcraro  existi  Mi  m  tW••«i^ 

"  iwl.n''-  (Lencltardt  ) 

Tfae  lAtMpborMiniMe  of  the  wa  at  ni^rht— whiob 
t^nsrul  l*«tiallgihoiDer  of  light,  atwnrtimc.-  prvMoUktoy. 
rtiwrttMdibiw«nly  in  jdaeet  w|i«ra  it  U  Mt  in  mOm  W, 
■M,  at  Diban  ana  exUhto  ungU  amriu,  ■taI^  WD*. 
5  w««  n»i«ly  attrilvtaUii  to  laminou  anlaa 

«0B».    The  — liiM !■  III!  ■  ^^^^ 
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Nereids,  abd  groat  nUTDbers  o£  flmall  Medilsie.  Whoa  aea-lrntgr  of  this 
nature  is  filtered,  tbo  hiinmous  matter  remains  on  the  filt-or.  (Sparmann, 
Tiieeiua.)  Water  taken  out  of  ilie  briglitly-sliiiiing  sea  near  Martinique 
gave  no  light  when  ftt  real;  on  Llowinp  tipon  it,  amnll  bo<Iiefl  -croaaed  the 
Dquld  in  all  directiuiiB,  shining  the  brighter  tlie  more  strongly  the  eigrfftco 
was  blowii  upon.  Wlien  stirreJ,  the  water  became  lunjjnuiia  throughout: 
OD  beiog  warmed  to  35"  C.  it  nlso  became  brightly  phoaphoreacest ;  bat 
when  further  Leated  tO'  43",  its  luniinueily  was  completely  deetroyed. 
Hydrochloric,  sulphuric,  and  nitric  acid,  ammaniiL,  carbonate  of  potash, 
aod  alcubol  Eikewime  produced  a  sudden  and  geaertLlly  evaneecent  light. 
The  water  after  pas4;titg  through  a  fitter  could  do  luugur  be  rendered 
lomiuom?:  tliero'  remained  on  the  Altera  nnmber  of  emull  animala  dig- 
ceroilile  by  the  microscojie,  and  conaisting'  of  a.  globule  having  a  yellow 
apot  and  a  tail,  wMcli  they  moved  with  great  rapidity.  (Artaud.) — More- 
over, tho  pbospboreaccnce  of  the  sea  is  probnbly  often  pfoduiced  by  tho 
luminous  putrefaction  of  marine  animate,  by  insolatrou  (ne  appears  to  be 
tbe  cose  from  an  experiment  of  KeLln'ig)^  and  by  electricity,  aa  supposed 
by  Riviere,  Le  Qentil,  and  fiajon. 

lustaucca  Lave  been  kuown  of  men  whose  perspimLioti  is  adbeHi%-e 
and  pho-ipboreaeeatf  so  tbiit  the  plioapboreBi-euce  is  commanicated  to  their 
linen ;.  the  smell  of  thiu  perspiration,  ia  tbe  coao  of  an  individuiil  of  gouty 
diathesis,  in  whom  tho  persjiiration  broke  out  after  viulcat  danciui;,  was 
nriooua  and  eour  (Houkel,  UreH.  ^.  Chem.  ArcMv.  2,  291);  in  another  it 
b*d  q.  pgcuUjir  phosphoric  odour,  (HormBtaiU,  Mnffm.  natv.rf.  F,  2,  24S,) 
Hor^  in  tho  sweating  couditiun  aometinies  emit  light.  Percy  saw  the 
wouudti  on  a  Biildier's  tbigh  continue  phosphorescent  for  fourteen  days; 
over  the  wounds  of  &,nother,  ho  saw  a  light  like  an  ignie  fatuus  bovor  for 
six  days.  More  frequently  bumcin  urine  just  voided  exhibits  pbospho* 
reaceuoe.  (Jurjne,  Driesseii,  GUh.  49,  231;  .'ifl,  2(52.) — Eeser  {Kostn, 
Arc/iiv.  8,  4L4)  saw  the  uriue  which  he  voided  against  the  wall,  when, 
tired  after  a  walk,  exhibit  phosphoreaceuoe  j  tbe  wall  shone  ff>r  half  a 
minute  aa  if  it  bad  beea  smeared  with  phoephom^:  the  uriue  discharged 
two  hours  later  wtw  net  phojspberescent-  The  urine  of  yivn-ra  Putor-ins 
and  Mtphitia  is  likowiae  aaid  be  luminous  nt  the  moment  ni  which 
theee  nnimale  void  it.  <F,  D'Azora,  Lan^dorff.)  The  luminosity  of  the 
eyes  of  animals  ia  due  merely  to  reflected  light.  (Eseer,  Kastn,  Archiv^ 

8,  m.) 

II.  Piosphoreicenci  of  Living  Pfdtttl. 

^  1 .  S\idden  mission  of  Liffkt. 

A  Hudden  flashing  light  ia  often  emitted,  on  fine  summer  evenings,  a 
Hltle  aft^r  Bimsct,  hy  certain  yellow  flowers. 

Such  is  the  ciLss  with  7'i-"paeotuiti  majtta,  Tagetea  paiula  and  frfcla, 
Caleiiduhi  (t^einalis,  JlHianUiui  anititiu,  Lilium  bulbiftrtim  and  Choice- 
thnicntti,  Polifantfitt  tubriO&a,  Oenothera  hitnnis  and  Gorlsria  rm'jfat: 
Ukewiae  Papaver  orientate.  {Elis.  Liune,  Ahhandl.  d.  Sehited.  Akad.  24, 
2fll. — Haggren,  N.  Ahhtindt.  d.  ScAmed.  Akad,  &,  59, — Johnson.  ScAio. 
31,  361>— Purscb,  Flat:  Anter,  Septeatr.  1,  261.— Green,  J.  Phajfrt.  Is, 
asfi.)  Of  theae,  Calmdula.  emits  the  etrongefit  light;  then  follows  Tror- 
paeolu-m,  then  Liiium  bttlbijh'um  and  Taffttte  palula,  then  Udianihux 
a.ud  GarUria,  The  same  flower  often  gives  out  repeated  flashes  at  inter- 
tilU  of  oevenl  minutes,    This  light  ie  undeobtedly  electrical,  perhaps 


LIGHT, 


luood  'by  the  luratinK  of  tlie  pollen  jErrannles  at  tbo  moment  of  fmcti- 
c^LtiuD.  (ZftvaJaky,)  ii)genli<iiiss,  SenqSier,  nntl  Sauswnre  never  oliservwl 
thie  lunutious  nppearance  in  Trapncolvni  majiis;  noitliGr  could  L.  Trevi- 
mnus  discover  it  in  Toyttes  and  otlier  flon-ersj  licUce  lie  rt-gards  the  pho- 
noinonrm  ns  a  met-e  illusion  prcitluced  liy  tlifi  yelloft'  cidoiir  of  t!io  floweriS, 
whicb  at  tti,!(lit  gives  them  isn  .Tjipcaraiice  af  peculiar  bri^htne^s. 

Of  a  ditierent  nature  from  this  is  llie  flaiiio  riliserred  hy  Ineenhonse, 
Bortliolon,  and  Willdennw  arouiid  the  flnwcrs  of  Dicfamnns  islhus  ou  tbo 
approacb  «f  ii  lighted  cuiidlt; — ati  appeiiracicfl  bowt'ver  which  Scbrank, 
Th.  SiiiisBure,  Sprerigpl,  nind  Treviranus  wn-re  never  able  to  discoTer. 
Biot  {Ann.  Ckim.  I'/ty.  50,  3SC)  attributca  this  flamo  to  the  combuslioQ 
of  a  vuliititci  oil  copt-tined  In  the  cells  of  tbo  flowor-Gtulka, 

3.  Steady  PAoipfioretcftice, 

Some  plania  emit  in  the  dark  a  fnint  continuous  lieht,  prabahty  re- 
dultiti^  from  the  formation  of  aome  siiljetftnce  whirli  liunis  and  Pinit« 
light  at  ordinary  temporal nrea,  anJ  ooDaiat^,  not  oF  pbcispbonie,  but  more 
probahly  of  a  t'oitipomid  containing  carbon  and  hydrofje-n. 

The  leaves  of  PhifttilnciM  litcttn'J la  bave  been  obaerved  to  sliino  in 
September  from  &  till  12  o'clofk  at  ni[;lit,  wnietiiiies  with  bluish  ^eea, 
Qunietiinca  wiLb  yt^llfowisli  j>re(;n  liglit,  rtG<^ord)Tigly  th<>  current  of  air 
was  fitnmgcr  or  weaker:  they  also  remained  luminouB  aft«r  being'  wiped. 
{K.  V.  SaiiU  A.  ?V.  S,  2,  54.) 

Tlic  acrid,  milky  juice  of  Cipii  tff  Ciamuain  (a  plant  growing  in  firatil 
and  probably  bclonfring  to  the  g-cHiis  I^i^aplioi'bia)  emita  light  for  scvrrol 
jieeonde  wLcu  it  fiowe  from  a  wound  in  the  plant.  tMornay,  GUb.  58, 
367.) 

Bhkomorplui  s'll'tun-avr-t  st<'ll(i(rran<.i  'ritinlen,  whii-li  piow  in  mine?,  emit 
lijfht  froiJi  their  wbido  enrfacoa,  but  e.«pertnlly  from  tin-  whitifcb  growinjf 
poinls,  Tlie  tuHnno*iity  in  hriyliter  iu  ycun^^  plants  thiin  in  oM  ones; 
brif^bter  itl.so  when  tbey  i;row  iu  w^rin,  dimtp  purls  of  tbo  tnine  tli^n  in 
dry,  cold  fiituations :  it  is  alw  increased  when  tbo  jilants  are  heated  to 
40"  C.  Ithizonborpb»  shitae  more  brij^litly  in  nxypcn  gus  than  in  comtnon 
air.  IVhen  ihcv  arc.  imiuersecl  in  this  ^as,  Ingotber  with  a  litllo  wat«r, 
thoy  often  continue  biminoua  for  nine  days;  and  the  oxygen  sns  is  then 
found  to  be  nearly  consumed  and  converted  into  a  souipwhat  smaller 
volume  of  carbonic  add.  Whfn  tliese  pluntji  in  the  moist  state  have 
ceased  to  eihinc  in  the  air,  their  luminosity  cannot  ha  reston^d  by  eleotrio 
sparks  or  by  oxyg:en  but  it  may  ofleii  he  roetored  by  inoistening 
tbo  plant,  when  its  cessation  liiia  been  caused  by  dryncs*.  The  jibo*- 
pboretKCTicfr  ceases  In  vacuo,  but  renftpenrs  when  the  air  is  admitted, 
evcD  if  the  plant  has  remained  in  lh«  vncuum  for  twT>  hours.  The  plant 
likewiso  C'enscB  ti>  sbmo  ^rhen  ]>laced  in  nitrn^n  pi&,  btit  regains  ltd 
luminosity  on  being  brouglit  out  into  the  air.  In  hydrogen,  carboEio 
oxide,  or  chlorine  oti  the  n.ntrary,  it  loses  its  Imninceity  for  ever,  so 
that  no  light  is  eniiltpd  pvim  when  the  plant  \s  nftonvards  tmmereed  in 
oiv^en  cua.  (Disehof;  i'omp.  !iehie,  44,  65;  also  Lomohe,  Ytrh.  d.  On. 
Vi/irirf.  Fr.    Berlin,  1824.  1.  21.) 

}ihi:r>7nnTjiha  jitttnnt't  Im*  Iwon  w<"ni  by  FrieaJeben  to  emit  light. 

An-ciniliiff  to  l.iTmnniH,  ll;..'-ht  i«  cTiiitt^d  by  /ii/tuvM  fi/tatptioi-ea  (L)  or 
Devuttium  ii'j/.KVuiji.  IVr?. 

According  ia  Kutik  and  Brundouburg,  SehiiiotUtfa  amaundatta,  » 
plant  which  grow«  in  caroms,  \»  phospboroetenl.    Thi4  is  snpposed  by 
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Von  Gsenbeck  to  lie  tlio  aame  moss  whicL  Gilbert  (Qilb.  30,  242)  saw 
shining  with  o-n.  (fitiemtd-green  coloured  lii^ht  in  a  caveru  iu  the  Hnvtz. 

According  to  Ducluseau,  many  ennfervEB  growing  near  Moatpeller 
are  plkosphor«^eiit, 

(6.)  Phosphoreettjnce  of  Putrefying  Or^nic  Bodiea. 

Many  organic  bocliiis  emit  It^lit  aTtor  deatlt,  sometimes  before  tlio 
L'omniieucctneut  of  actual  putrefaction^  BocueLtines  ainmituneoualy  witb  it. 

1.  PKo^horeseence  of  Putrefying  AnimaU. 

At  a  certain  tetnpcnLturej  and  in  contact  witb  moisture  nud  oxygen 
gae,  a  decomposition  appears  ia  w\ss  in  many  dead  animala,  especially  in 
aca-fiiili,  before  the  cuiiinieaL'enLcnt  yf  actual  putrefaction. — producing  a 
glutinous  subetauce,  wIiu^g  voustitucutei  arc  capable  of  barulng  in  tLe 
omalkat  quantity  of  oxygen^  W'tb  a  feeble  Ugbt  and  scarcely  pereeptible 
development  of  heal: : — or  may  it  aol  bo  supp^jstid  that  the  decompoeitiQii 
ia  attended  by  the  prodncticMi  ufluminoue  infusorial 

Human  corpaea  are  very  rarely  phoapltore^cetit.  Of  a  boily  rcceiireJ 
on  the  1 4tb  of  February  and  dieacctud,  one  of  the  lower  extretnitiea,  which 
rtiuiuined  over,  begian  lo  exhibit  pbosphoreacence  on  the  3rd  of  March.  A 
second  body  brought  into  the  siiioe  tliaaccting-room  on  the  5tb  of  March 
likewiwe  appeared  lumtnouis  after  a  few  days,  first  en  the  eiternal  and 
interiuil  surface  of  the  thorax,  then  on  the  abdomen^  bones,  tendons,  and 
TnembraneSj  more  faintly  on  the  mui^clotf,  not  at  all  un  the  vii^cera  of  tlia 
thorax.  A  portion  of  this  second  body  laid  upon  a  third  rendered  this 
also  phosphore^jceut  in  two  day,'?,  as  if  by  contagion,  The  luminous 
matter,  which  appeared  to  bo  of  au  oily  nature,  could  be  removed  in  many 
phwea  by  the  finger,  on  which  it  continued  to  shine.  Placed  under  the 
microscope,  it  illuminated  the  whole  field  of  view,  aud  appeared  to  be  in 
motion,  like  gamboge  touched  with  water;  but  no  animalcules  were 
visible,  excepting  &  miuute  Vibrio,  such  aa  is  often  observed  in  macerated 
bodies.  The  Inininons  substance  continued  to  ehine  brightly  in  oxygen, 
carbonic  Oxide,  phosphurctted  hydrogen,  and  nitrogen  gaa — more  faintly  in 
carbonic  acid — also  with  various  dcgreea  of  brightness  under  water,  milk 
and  oil, —  lost  its  phosphoresccut  power  in  a  vacuum,  but  recovered  it  when 
the  air  was  re-ad mittetl^ — and  was  finally  extinguished  in  sulphuretted 
hydrogen  and  cblorino  gns,  hot  air,  bulling  water  and  alcuhul,  (A. 
Cooper  aud  Applttou.) 

Fbuaphuicsceuce  has  likewise  been  observed  in  the  flesh  of  oxen, 
calves,  wethcrai,  lauib;!),,  pigs,  fowls,  eaglce,  si^'allow^,  and  serpents  {Fabr. 
ab,  Aquapendente,  Buyle,  Bealc);  m  thu  case  of  ox-fleBh,  the  plioapho- 
rescenue  ceased  when  actual  putrefaction  set  in,  (fiarthullnua.)  At 
Otleanfl  in  17S)0,  all  th«  meat  in  a  butcher'a  ahup  became  phosphorescent. 
Veal,  in  October,  three  days  cut  up  and  beaten  soft,  but  not  yet 
stinking,  emitted  at  a  temperature  between  VI'  and  18*  C.  a  white  light 
like  phospLoruM — was  covered  with  a  glutinous  euhstance — imparted  its 
Inmiuung  property  lo  the  fingers  for  a  fibwrt  time — continued  to  shine  24 
houre  later,  at  which  time  it  began  to  smell  badly — and  even  retained  its 
luminoBity,  though  feebly  and  only  in  particular  places,  after  48  hours, 
when  the  stench  was  much  more  powerful.  (Uuchner.) — Hen's  eggs  have 
also,  on  one  ociAsion,  been  seen  to  emit  light  when  opened. 

Hulmo  prodmied  phosphoreaeence  in  some  very  young  tadpoles  by 
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salt,  pLoepb&to  of  soda,  aalpbate  of  magnesia,  Ditre,  sugar,  &nd  lioney, 
^Hulme.)  According^  to  Hulme,  a  Imufoous  fiah  Jirainialies  in  briglitnee* 
wlien  placed  in  d.  vacuum;  ac<:urcling  tu  Llei^»&igtieiS,  it  ccrasea  to  §tiitie  ia 
Taouo,  but  regains  ita  liniiinosity  when  the  air  ia  re  admitted.  In 
nitrogen,  hydrogen,  carbonic  aciif,  and  aulpliu retted  hydrogen  gaa,  the 
Ssb.  continues  to  ahlnfl  for  a  aliort  time  only.  (Dflsaaignes,  Hiilnie.)  In 
boiled  water  or  eea-waier,  it  soon  ireaaes  to  shine  wlion,  the  air  ia  k«pt 
from  it;  but  if  air-bubbles  muke  their  ap^rearaoce,  the  phospiioreacenco 
re-appeare,  and  continues  for  a  time  proportionate  to  the  quantity  uf  air 
preaent.  lu  ordinary  fat  oil,  the  fish  continues  to  sbine  for  24  hours:  hut 
jf  tb«  oil  !iae  been  boUed,  the  light  ceneos  as  bood  as  the  fish  is  put  into 
it.    {Decani  gnes.) 

TLc  (iglij  wb^n  left  to  itself,  oontinuea  phoHphorescent  for  some  dtLje 
UDtil  ftitid  putrefaction  eusite^j,  and  thsa  tbe  light  disappeara. 

2-  Pkosphortscenct  of  Pntrtft/ing  Plantt, 

The  completo  decay  oE  tho  varioue  parts  of  a  plant  ia  bLso — when  the 
tempurature  in  raoderiite^  and  luoiBture  and  a  ^mall  qnantity  nf  air  aro 
present — at  titnoii  ai^companied  by  u  peculiar  decompoattiun,  redultiug 
in  the  dovelopment  of  a  aubatanco  which,  liko  phospborus,  burns  at 
urdintkry  teni]>eraturoH,  producing  liglit  and  n  email  quantity  of  heat. 
Nevertnelciiu,  tbie  aub^tnnco  cannot  bo  phosphorus  (espcuinlly  in  wood 
'wbii^li  doe4  not  ciintain  that  cleiueut),  but  must  ratbcr  be  conaidored  aa  a 
peculiaj,  aii<l  emily  cumbmitiblc  conipound  of  carbon,  hydrogen,  and 
oxygen,  resulting  from  tho  decompositioH  of  the  original  proximste  con- 
atitueut^  of  the  plant, 

The  pbosphorcaceace  ia  chiefly  conapiclions  in  wood,  aJS  wgU  in  thit  of 
the  root,  it^  in  thut  of  tbe  etem  and  branches.  Ihe  phosphoresce  ne'e  htia 
been  observed  in  tlie  wood  of  Queteut  Hobjcr;  Fa.<tm  Vtt6tanea  and  ayi!- 
vatica;  Belula  alia  and  AIrus;  Gorylits  Avellana:  Piniis  AhieB^  Strubus, 
picea  and  tifivestris;  Jaglmis  reffia;  and  aonie  apeciea  of  willow. 

The  deconipositbjn  of  the  wood  must  tiiko  plnce  iu  a  aituetion  wbero 
but  a  TTiodcrate  qimntlty  of  moieture  in  preeont,  aod  the  air  is  alnioat 
excladed,  in  wliicih  case,  the  woud  will  romain  white;  when  there  is  much 
moieture  und  free  access  of  air,  it  m  reduce^l  to  it  browu  pulveruleat 
maas  which  is  not  lumiuouB.  Phospliorcscont  wood  ia  often  but  little  de- 
oompoaed,  and  retains  a  great  deiU  of  its  hardness.  (Heinrich,)  Julin 
{SchiB,  14,41.?'}  flaw  light  einitted  by  ajilintera  of  wood  from  a  newly 
felled  pine.  Old  wooden  pipes  often  exhibit  pbosplmrcscencij  when  taken 
out  of  the  ground.  When  roots,  which  have  been  dead  for  some  years, 
R-rw  tak^n  put  of  tho  earth  and  kept  in  a  moderately  damp  place,  they 
often  become  phosphorescent  after  a  few  days.  (Heinrich.) — Aciiording  to 
De^aaijccnes,  the  pKosphoresceiice  ceiLiea  when  the  tetnperatnro  falls  to 
-I-  6"  C  (42'H'  Fah.);  accordinj^  to  Heinrich,  it  showa  itself  even  at  0'  C. 
fainter  indeed,  but  more  durable,  continuing  for  rnoro  than  fifteeii  clays. 
By  boiling  water  it  in  irrecoverably  destroyed.  Wood  heated  in  the  air 
to  tho  boiling  point  of  water  recovcra  its  luminosity  by  irameraiou  in  cold 
water.  (Heinrich.)  Wood  losca  its  plioapboreaceat  properties  by  drying; 
wood  which  when  exposed  to  tho  air  eeiLfiee  to  emit  light  after  two  or 
three  days,  reRiaine  luniinoua  for  fourteen  days  when  wrajiped  up  iu  moist 
blotting-paper  (Hfinrich).  Iu  a  vessel  containing  qulck-linie  it  uonn 
ceasefi  to  shiue  (Des'^aijrne^};  but  bv  modenitely  wettlug  it,  tho  pho«- 
phoreaueuce  may  to  a  certain  extent  bo  restored. 
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Wood  Hoes  not  abine  for  a  longer  time  or  with  greater  intensity  iit 
Dxyeti  gas  thaa  ia  voiiinioii  air  (HcLDvlcb,  Dc^.'jaignt.'s);  avcorUing  to  Bock^ 
man  nnii  Giirtncr,  it  dws  not  «liine  more  Lrightly  Wi  luDger;  aocorJing  tff 
Spa-lIa.Dj;aiii,  it  abinea  with  greater  bngbtue.t<8.  Acrortling  to  Dc^saigiieay 
tbe  pbo  upbore  see  nee  is  brigliter,  but  of  eburtcr  clunitiou  iti  ecnipfes»e< 
air.  Tbe  game  obfiervfir  fuutiit  that  llic  i»liospboreaeeace  gradually  dioA 
away  in  a  vacunni.  Heinricli  could  not  prodnce  any  decrease  of  luminal 
aity  by  rart^fyiag  the  air.  In  nirro^cn,  liydrogen,  and  phospbnretted  hy 
rlrogcn  giis,  the  wood  remains  lumiiioua  for  onIy&  few  hours,  atid  the% 
accordini;  to  Spnllansani.  recxivcrB  its  luminoeiLy  on  tbo  ro-admissioa  oi 
Cfliiiniou  air;  in  fluoride  of  silicuu,  chlorine,  aminoQla,  hylrucbloric  acidj 
carbonic  aeidr  auO  tiulpburettcil  bydrojii^Ei  gas.  Ha  pbospboresceace  ceaaea  m 
&  fow  minutc-3,  and  cannot  be  wholly  restored  by  contact  of  &ir,  (Bock- 
maun,  Gurtner,  Ht-inricb.) — In  iinhoilod  water,  fat  oil,  »nd  merciiTV,  th» 
pbuspboresconco  verses  after  an  interval  varying  from  (i  to  24  Laun; 
sooner  in  alcohol,  etber,  boilcil  nil,  linie-watei-,  suJution  of  sulpburet  of 
Jiota^iutn,  diloLc  acids,  :L£id  ellitio  ^ollEtioOsi  instantly  in  siilpburic  acid. 
Saturated  solution.^  of  et^]- ammoniac,  nitre,  and  cominon  salt,  produce  i4 
first  an  incrcane  of  lumimiaily,  (Gartner,  Heinrich,  Dessftignes.) 

Tbe  plii:ispbor«-6ci>Dce  of  wood  in  air  or  oxygtn  gaa  is  attended  with 
cuuBumption  of  oxygen  and  production  of  carbonic  acid  without  peroepll'  *  ~ 
ditnlnution  of  volume.  {Oeasaignes.)    Air  pumjK'd  out  of  dccanng 
ciintninB  a  liUle  oxygen  with  a  ?reat  dcul  of  carbonic  acid  ^as. 
Baignes.)    Ilfinco  may  bo  QxpliLinoi]  tho  fact  Lliat  wood  continues  to  emti 
light,  cvon  in  modiawhich  coDtain  uo  oxygun,  provided  tbey  do  not  e 
a  destructive  action  ou  tlie  pbosphorcscont  matter. 

PotatooB  kept  in  a  cellar  till  thi-j  bogxii  to  gonninate,  ware,  in  m 
inatanoe,  observed  to  emit  light  im  being  cut  open.  {J,  PUyt.  33,  225 
alao  Grrn..  J.  d.  J'Ai/s.  2,  420.) — Kortuui  ( Voigt,  n.  A'ag,  2.  6?)  fre<ja«ntl 
observed  phospborcscotice  in  valerian  root.^^  while  yet  tolembly  freab,- 
Fresh  tomieMtilla  roota  gathered  in  August  have  been  seen  to  emit  Ugh 
particnlnrly  on  tliosB  parts  where  tlic  last  year's  nodosities  were  eitoated^ 
(Berl.  Jctkrb.  1,  174.) — Likewise  gourds,  muehrooiBs,  and  turf  are  amid 
be  sometimes  phosphorescent. 

Giihel  {Seine.  40,  257)  allowed  aome  raspberry  juice  mixed  iritb 
to  femient  in  ii  cask,  into  the  biing-hole  of  whicb  was  inserted  k^] 
tiiho  1  inch  wicie  and  3  feet  Ion;;,  filled  wiili  the  ^nio  juice,  aa  tl  ' 
carbonic  acid  f;as  devcbpeil  by  tEio  fcruicntatiou  was  compelled  to 
through  tbe  IuIh-.    The  bubbles  of  gas  which  thus  ascendtd  coDtin 
exhibit  phosp]iore(icen«;o  for  more  llmo  n-n  boor.    The  Ujiht  of  tbe 
bles  was  slrongesl  jiirtt      tbey  passed  from  tbe  cask  into  the  tube^ 
nisbed  in  >utcn»ity  as  they  ascended,  and  diKappearcd  completely 
they  caine  in  contact  with  tlio  air.     Wbeti  the  gaa  was  collected 
meant)  of  a  gjLs-delivery  tnb«  ^dapti^^d  to  the  tube  above  niention«<I,  it  wmi| 
uo  longer  phc^pborifBcent,  bnd  no  araell,  and  exhibited  with  aniuiouia 
reaction  nf  purp  carbonic  acifl.    (Giibel  and  Scbweigger  suggest  that 
dcrelopiiient  of  light  lu  this  experiment  may  lio  duo  to  elcctricilv:  but  il' 
IB  poiifibiL-  that  tbu  carbonic  acid  p\a  may  hare  been  mixed  witb  a  Tcryl 
■mall  quantily  of  a  rotatilo  and  combustible  orgnnio  nmtler  prudond 
by  tho  fcmK-ntation,  and  that  Ihiri  laubstance  may  have  Ihmjh  burnt  wili 
d«vcliipiiii<i)t  of  light,  by  combiuing  with  the  oxygen  of  ihc  air  pinl*bl^ 
held  in  HoliiCiou  by  the  juicu  of  the  tube,  before  the  bubbles  rmched  lbs 
tup  of  ibo  tube.) 


B.    Development  of  Liijfit  tenaetompanied  by  any  alteration  iji  tft«  Pon- 
derable Matter  of  Bodies. 

a.    Devdopment  of  Light  after  exposure  to  Light, 

A  great  number  &f  bodies  have  tlio  property  of  ehinlng  in  tdo  dark 
when  they  hiive  previously  Iwen  exposed  to  Irglit:  such  bodies  are  snid  to 
exhibit  phosphoresce n*e  by  JiMhiiion  or  Irradiatioii.  The  caUiSe  of  this 
phenomenon  \ii  proliahly  that  the  bodied,  by  bcini;  exposed  to  ligbt,  absorb 
ti  portion  of  it  unaltered  into  their  aiihstance  by  tkilheaion,  and  rjubse- 
qDently  give  it  out  in  a  diirk  place, — because  there  tho  eflfort  of  tlio  liglit 
to  diffuse  itself  uniformly  through  the  apoco  devoid  of  light  ovcrconica 
its  adliQdinn  tu  the  jionderaUc  nuitter, 

Phosphori  hi/  Irradiation,  Liffht-af'torhei-s,  Light-'m,agnef&,  arc  trana- 
pureut  or  opiit^ue,  colourle.s^  or  slightly  coloured,  but  never  lilack 
8ubstantM!S. 

The  hi^st  phoepiiori  by  Irmdicition  are  the  following:  Diamond  (eoine 
diiimrmds  however  have  do  phosphorescence.)  {Ueiivrich.) 

JJovnoiiian  Phosp/torns.  (1.)  A  jxiste  mude  of  gam  tragacanth  and 
powdered  heavy  cpar  free  from  iron  and  dried,  placed  in  layers  between 
small  coals  in  a,  wind-furnaco  (or  in  a  crucible, —  ff'ac/i)  ignited  for  an 
hour,  and  tninsferred  while  yet  warm  into  we]l  jjtopped  glass  veaaels. 
(John.)  3  or  I  per  cent  of  nmgucflia  mixi'd  with  the  powdered  heavy 
epar  improve*  the  pliosphorescence  considerably.  (W'atcli-)  (2.)  Osaqq 
passes  hydrogen  gAS  ovor  siilpliato  of  baryta  heated  to  redness  in  a  tube, 
(u.)  Dnguerre  iills  a  marrow-bone,  sa  thick  as  cm  be  procured,  freed  from 
ial  Hiid  dried,  with  heavy  stpat  pounded  in  a  uon-metjillic  mortar — lijtea 
it— incloses  it  in  a  tube  of  iron-phite  or  caf-t-iron — snrrointds  and  eovera  it 
completely  with  tirc-cUiy — exposes,  the  whole  to  a  red  beat  in  the  furnace  for 
fU  least  three  honra, — then  removes  the  clay  from  the  bone  (which  should 
be  while  after  cooling-, — a  grey  colour  would  ubow  that  it  had  not  been 
lieated  long-  enough),  breaks  it  up  on  paper — and  presences  tho  white  or 
pule  yellow  phosphorus  thus  obtainetL  If  it  be  heated  once  or  twice 
more  in  a  fresh  boue,  its  phosphorescent  propertiea  will  be  greatly  in- 
treaeed.  The  sulphate  of  baryta  used  ]nu6t  he  perfectly  free  from  iron 
and  otiier  heavy  metals, 

Slrnnti'iin  Pkj>spliorus  may  be  prepared  in  a  similar  manner  (I)  from 
coileslio  (John):  its  liiininc^eity  may  be  :;rcatly  increased  by  the  addition 
of  3  or  4  per  cent,  of  nmgnesiii  to  the  powdered  cieleetiu. 

Catrimts  Poaphorus.  (1,)  Canton  exposes  a  mixture  of  3  parts  of 
sifted  and  calcined  oyster-shells  and  I  part  of  flowers  of  aulplmr  to  a 
strong  fire  for  an  hour.  (■2.)  Grotthuss  plaices  oyster-Gliells — which  have 
bpcn  ]>reviously  denned  and  ignited  by  ibcmaelves  for  half  an  hour — in 
alternate  layers  with  poumJed  sulphur  in  n,  ctucLbte,  the  inner  anrfa^ea  of 
the  ahells  being  turned  downwanUj — and  heats  the  crucible  in  a  wind- 
furnace  for  ;tt  least  an  hour.  The  oyster-Bliells  mast  he  previously  well 
burnt  m  as  to  remove  all  dark  spots,  nnd  their  inner  surfaces  miiiit  be 
L-lcaiicd  from  adhering  aahes  M'itb  a  eoft  bru.th  which  will  not  injure 
Iheni.  The  phosphorus  is  inort  luminous  when  tho  burnt  oyster-shclla 
are  heatod  with  sulphur  in  their  entire  state  than  when  they  are  pounded. 
Moderate  ignition  for  half  an  hour  in  contact  with  sulphur  ia  generally 
(|uite  i^utlicient:  more  powerful  and  longer-suatained  ignition  produces  a 
phosphoruK  which  is  but  faintly  luminous.    Pure  lime  heated  with  au' 
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phar  yields  a  lanch  weaker  pliospborue  tlmu  tliat  produced  from  oya 
ahella,  because  tlie  lattur  ooivtaiii  a  little  iwanTieeia.  (H'ach-)  (3.) 
ettiffties  ijrTsltes  gypsum  mixed  with  flour, 

OsaTin''B  Phospliori- — a.  Arttimovial  Phonphortit :  Formed  by  placing 
cleaned  and  i};nit«il  oyster-slitHs  in  alternate  layers  witli  finely  pounded 
^ulpliuret  of  antiiiiODy  in  a  well  covered  cmcilde,  and  healiilg  llie  Itlilturo 
for  an  hour:  after  cooling,  the  w Lite  pieces  are  to  Ue  picked  out,  the 
ytUow  acid  blsick  oii«s  thrown  sway. — A,  Healgar  Phatphorui:  The  same 
Tnode  of  prepamtton,  but  using  realgar  instead  of  (iul]jlmrel  of  abtluiOQy.— 
C.  AriatUal  Phasphdrm :  A  paste  farmed  of  nCutral  arseniate  of  baryta 
And  gum  treif:(ac&ntli  is  dried  and  ignited  fui-  half  an  hour  l>etwocn  cudi 
or  on  an  tiarthenwaro  support:  it  baa  a  greyish  yellow  colour.— W,  Burnt 
oystcr-shellK  treated  a^i  in  ii  with  orpimeat  ioBtead  of  autphuret  of  ftnti' 
BioTiy,  or — t  with  mosai'C  gold,  *>t—f.  with  cinnabar,  or— ,7.  with  a 
niixCure  of  sulphur  and  Kiinc-hleiide,  or — h.  with  arseiiioua  acid.  Of  all 
these  phosphorescent  eompouuds,  the  must  luminous  are  a,  h,  and  <-. 

WttiJis  Fh{tspAot  i:  a.  Burnt  oyater-shclla  thinly  sprinkled  with  sola- 
iiau  of  aiiiScial  teruulfihuret  of  arseuic,  covered  aftor  drying  with  pounded 
sulphur,  and  ignited  in  activered  crucible,  prcnluce  aa  excellent  phospho- 
rus,— if.  Three  parteof  burnt  oyater  Bhclls  disposed  in  alternato  layers  with 
1  part  of  a  mixture  of  10  patla  of  flowers  of  sulphur  ami  1  part  itf  oxide 
uf  antimony,  and  moderatoly  heated  tn  a  eo^'ered  crucib!?.  — c.  Similarly 
with  oxide  of  iiae,' — d.  With  oxide  of  ca^lniium. — e.  With  peruxid«  of 
Un,^/.  A  eolution  of  arwniate  of  ammonia,  ia  dropped  upon  calcined 
oyflter-sbetls,  wliicli  are  then  sprinkled  with  sulphur  aud  ijfiuteJ.- — Simi- 
larly wit-li  chloride  of  nntimuny — h.  With  sulphate  of  zinc. — 1\  With 
Sulphate  of  cadmium. — ic.  With  proto-cbloride  of  tin. — /.  Good  phosph^ri 
are  Itkewiao  obtaiuod  W  igniting  byposulpliiCe  or  suljihite  of  baryli^ 
atrontia.,  or  limd,  particularly  hypoenlpbite  of  lime  mixed  with  <i  or  4  per 
oenL  of  magnesia. 

Lastly,  among  ^ood  phosphm  may  be  eniiraerated :  Uonibfrg't  Pha*- 
phtriit  (ohlorido  of  calciuiti,  which  Hombcr^  formed  by  melting  I  part  of 
eal-ammoniac  with  2  pnrta  of  slaked  lime) ;  Baldwin*  Phoiphnrui  (nitraM 
of  lime  fueed  till  t1i«  nitric  acid  begltis  to  decompose);  miiuy  kind»  of 
daor-spur,  cu»  th«  ichloropliane  of  Xertidchinsk  (Gi-otthusM),  aud  a  variety 
of  fluoT'Spar  from  Dauuriii  {Sckw.  49,  259);  fitrontianite ;  arm^tiite ; 
calcspar;  marble;  stalactites;  chalk,  and  slightly- burnt  oyster-ebcUi. 

Leu  powerfully  luminous,  acoonling  to  Heinrich,  arc:  CryetaJlliec! 
twimcieuid,  aal-ammO'niiRC,  Bulphate  of  polA«K  nitrct  crystAlliied  oarho^ 
uale^  borate,  and  aiilphato  of  aoda;  rock-aalt,  witherito^  r&dtating  betTy 
■par  from  Bologna,  maricngla^,  (ibrQiis  gypsum,  alabaeter,  arliEioial  siif- 
phat«  of  lime,  ((■ominon  Huor-^^par — Ofotchttss),  crystalliiod  gulpliate  of 
nia/fiieEia,  crystallized  alum,  arj^cnious  acid,  pharruacolite,  freehly  pre- 
pared flowers  of  line,  sulphate  uf  mercury,  tartar,  benzoic  acid,  luaf-s^gar, 
■ugliir  of  milk,  bleached  wax.  white  paper  (e3|)ecially  when  it  bas  been 
hMted  almost  to  burning:  yclluw  and  red  paper  are  ucarly  as  pbtwpho- 
naceot  as  while,  dark  blue  paper  is  not  at  all  so — {(iroUAun) ;  cgg-edi«IU, 
flonU,  flDula,  pearb,  bones,  toeth,  ivory,  leather,  and  skioa  of  loua  and 
'•aimaU. 

TliB  followiDgare  pliosphorosoeal  in  a  tolerably  high  degree :  Taiterte 
•aid;  iiJno  eeedij,  grain  flour,  starch,  crums  of  bread,  j^um-arabic,  feathm^ 
cbec»ie,  yolk  of  e^g,  muMular  fln^h,  tendons,  i«inelu««i,  glue,  born — all  wsEl 
driftd;  mor^v«r,  the  athuruuin  of  trees,  blcactied  Uoen,  bleached  cvCtgn* 
yam,  and  other  bleached  vegetable  Ubres. 


PIIOSPIIOBESCENCE  BY  IRHADIATION, 
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Afo<leratelj  rbosplioi-caceiit  ar6i  Tea,  dxide  of  Kntimon^,  anlpbate  of 
ziac,  while  lead,  iron  jiyritea,  aluin-atate,  basa-It,  patter'g  dtj,  fuller's 
earili,  lark  of  iTeee,  amber. 

Feebly  liimlnQua  arc :  Cixlestii),  siUA.It,  Magnetic  iron  ore,  rod  ocbrd, 
unilried  eeeds,  fluur,  and  atarcli;  also,  according  to  Orotthusa,  Iilue  carW 
nate  (if  copper  (Kvp/er-iaTar),  and  beryl. 

Very  foably  auil  often  not  a,t  a,!!  luminous  arQ:  OI&ei,  ailicft,  roek* 
crystal,  ametliyst,  corncliau,  jirase,  heliotrope,  sapphire,  coruniiuni,  chry- 
Holitn,  «pineLI,  eniorald,  topai,  tourmalin^  hyadntb,  gamet,  mdanite, 
Icncite,  iidukria,  commnn  felspar,  zeolites  and  other  minernEH;  chlondd  of 
Bine,  yetlow  blende,  wood,  most  kindj  of  reain  and  gara,  and  animal 
Bubslancca  not  well  driecl. 

The  following,  Recording  to  Heinricb,  esblbtt  no  phosphoreecence ; 
Water  u.nt!  all  other  liquids,  sulphur,  graphite,  all  metala  in  tlic  free  state, 
baryta,  atronlia,  limo,  aputtlo,  red  lead,  rod  oxide  of  niorcury,  freBh  parts 
uf  plants,  unbleached  yam  of  hemp  and  (lax,  minenaJ  pitdi,  fossil  tu.r, 
coal,  jet,  turf,  charcoal.  Moreover,  according  to  DesfiajgncA,  all  metallio 
eulpburets  except  orpime^nt. 

Avcunlin^  to  Dessiittfiics,  phofiphorescenoe  is  alao  exhibited  by:  Olu- 
cina,  pbosjihorito  from  Eatri>mii.!lura,  orpiment,  flowers  of  eulpburet  of 
antimuny  {spifst^imu-blumm),  Gulphate  and  phofiptiate  of  lend,  prolo- 
cbloride  of  tin,  a  mixture  of  peroxide  of  tin  and  oxide  of  lead,  and  imper- 
fectly glakeii  baryta,  atroutia,  and  Lime. 

Tboae  budiea  will  not  sbin«  in  tbe  dark  unless  they  are  first  exposed 
to  lifrbt;  even  the  Bolo^jnian  and  Canton'e  phosphorus,  which  are  pre- 
pji.red  by  tuition,  do  not  ^hiue  when  left  to  cool  in  tlte  dark  and  not  first 
exposetl  tu  light  (Johnjl:  neither  do  the  realgar  and  anliiugiiial  phoe- 
phori,  even  when  heated  to  KiQ*  G.  (Oaann.).  Moat  of  these  bodies  rft- 
quiro  to  bo  exposed  to  the  direct  rayB  of  the  »Un.  The  Cautonian  and 
BologuiaD  pbcisphurns,  diamond,  paper,  cblorophaiie,  eulpbata  of  potaak 
and  commou  «alt,  are  rendered  luminous  hy  reflected  8Unlij|ht;  tbe  Bve 
substances  Hirst  ufinicd,  by  strong  lamp-light  j  tlie  Bononian  phnaphonis, 
and  Oaann's  phoepbori  a,  b,  a,  by  the  light  of  plioephorua  burning  in 
oiKygeii  gas.  (Plio»[diopus  hiirniiig  in  oxygen  gas  under  a  bell-jar  makes 
Canton's  pbo^pborua  but  very  f(?el>ly  luminous,  because  the  light  paws 
throufrh  the  ^hisa—E.  Beequfrel.)  Tbe  last  three  phusphorl  {not  the 
Bolognian)  are  aUo  rendered  phufiphnrcfcent  by  tbe  tight  of  aulphnr 
burning  in  oxygen  gas,  and  even  by  tbe  light  of  a  tallow  candle,  pJared 
at  t!ie  distance  of  a  foot;  the  antimoniul  phosjdioru?,  likewise  by  ifae  light 
of  wliile-hot  iron  at  the  distance  of  a  footi  (in  the  liwt  experiment  the 
nhosphorue  was  placed  in  a  dieb  eiuToundcd  with  ice) ;  burnt  oyBler-sbclls^ 
hy  the  light  of  burning  alcohol  impregnated  with  common  Ealt;  Canton's 

?nosphorua  and  some  dianiomJa  arc  ulau  rendered  luminous  by  moonlight, 
'he  intensity  of  tbe  eiuitted  light  i*  however  always  proportiomil  (o  (hot 
^ef  Out  light  by  which  the  pboapboreacenoe  baa  been  excited.    Bodies  may 
'Mndercd  luminous  by  Irradiation,  eron  wbea  immersed  in  water, 
einrlch,  Dessaigucs,  O.S3Hn,) 

Canton's  pbofapborus,  after  being  e^cpoaed  to  daylight  for  two  stcondflf 
exhibits  the  greatest  laminoaity  when  immersed  io  water;  tbe  light 
appears  to  be  so'mowhat  fwinter  when  the  substatioe  is  freely  exposed  to 
(lav-light;  fainter  again  ■when  tbo  Wuht  falU  upwn  it  tlirough  a  plate  of 
i^jck^ery^tnl  7  inches  thick  ;  ttill  fainter  when  it  passes  through  bine 
glftS9,  and  faintest  of  all  when  the  light  reai-lies  the  phosphorus  after 
psHiiig  through  a  plate  of  white  g\&i3  ^  miUlaiGtrea  thick,  or  through  a 
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aheet  of  solid  f^ektiue.  When  tlie  irradiation  continues  frum  10  to  20 
aeconds,  the  ililfereiicQ  is  no  longer  perceptible.  (Blot.) 

Of  all  tlio  uolourc'l  rays  of  tnfl  jjrism  tin-  violet  (yr  llie  blue  according' 
to  Grotthuse)  and  (he  invisible  mys  beyond  tho  violet  act  most  pyw^r- 
fulty  in  proJuciDg  pliospljorcsccnTO.  'ihia  power  iliniiiii^hes  with  the 
rcfniDgiLiiity ;  according  t-o  Heinrich,  tbe  rod  my  does  not  induice  plioa- 

f'Uorescenco  in  the  diainoud ;  nccording  tu  Sectreck  nml  Grottliiiss,  a  feeble 
uminosity  is  induced  by  the  red  ray,  aud  a^ccordtng  to  Soebcclt,  by  th& 
invisible  rnys  iwljoining'  it.  pLoapSiori  which  hare  been  rendered  Jumi- 
no'us  by  colourle^  li^dit,  censB  to  shine  much  sooner  in  rtnl  light  than  ia 
the  dark;  and  iiiatantaneously  when  ex]>08«d  to  red  light  concentrated 
by  a  lens,  (Sccbcck.)  Siniilar  opposition  of  effects  is  produced  by  light 
which  h.ia  passed  thpougli  eolotircd  glasses.  Ltglit  tmnsniitteJ  tlirott^h 
bliio  glaiss  nnnkcfi  Cfttiton'a  pliosphorus  ahiiost  na  liitnitious  aa  coltmrK-ss 
li^rht  coucetitratotl  by  a  lens;  behind  red  ghiss,  on  the  contmryj  the  plioa- 
phunis  not  only  fiiils  to  nequire  luminosity,  but  ccaacs  to  ehine  ^'hea 
previously  irmdtLLteiJ,  much  eooner  than  it  would  if  placed  in  tlic  dark. 
(Secheck.)  Orinnii"«  phosjiliori  pr,  6,  aud  c  become  strongly  phfisph orescent 
under  colourless,  violet,  and  blue  g'lo?^,  fiiiutly  under  light  green  aud  light 
yetlow,  very  faintly  under  orange-eoloured,  and  scarcely  or  not  at  all 
under  red  gla^s.  (Oaann.j  Calcined  oystcr-ehellH  become  atronglv  lumi- 
nous when  espcised  to  day-light  under  dark  violet  g\uss  (whieli  when 
analysed  by  the  pri&m  appears  to  conBist  of  viukt,  blue,  and  red),  very 
faintly  under  bluiah  green,  and  scarcely  at  all  under  Lciniogeneous  red 
gluM  coloured  with  eubgxide  of  copper.  (Biot  and  E..  Decqueret.)  Bolog- 
nian  pboHphorua  prepared  according  to  (3),  half  covered  wUh  a  plate  of 
blue  glass  and  exposed  to  KunUtrht,  beconiea  less  lumitious  in  the  direct 
light  of  tbo  sun  than  under  the  blue  glas^.  ( Daguerre.)  The  same  result 
therefore  as  that  obtained  by  Seebeck.  It  appears  from  Ihi*  that  coloup- 
less  light  ctihtaitis  ray*  which  oppose  the  production  of  phosplioreBceoce, 
viz,  the  orange,  as  shown  by  Seebcck.  It  is  therefore  la©  chetotcal  ray* 
of  light  by  which  phosphorescence  is  pniduced, 

Chlorophane,  Canton's,  and  the  liononiao  phosphorus  itisolated  at  a 
temperature  of  ^  Sl  Cf—  24°Fah.}  shine  at  +  10"  C.  {50°  Fob,),  longer 
and  with  greater  intensity  than  when  they  have  been  exposed  to  light  at 
-1-  31' C.  (88'  Fah.)  (Grotthusd).  Phosphoij  newly  prepared  by  ignition 
ond  exposed  to  light  while  yet  hut  oequirc  littEe  or  no  luminosity ;  it  is 
only  when  cool  that  they  are  ansccptihlo  of  the  iuflucncc  of  irradiatioQ. 
(Osinn.)  Cantoir«  phosphorus  insolated  at  temrwnitures  friim  lOo"  to 
200"  C,  and  then  taken  immediately  into  a  durk  room  oxbibitA  but  a 
r«eb|e  light.  (E.  Decquerol) 

A  merely  inutneutary  irradiation  prndnces  phn.sphopesceuee,  thougli 
l>iit  for  a  sport  time;  longer  continued  irradintion  does  not  produce 
stronger  or  more  lasfiug  phouphorcacenee  Lbaii  irra<liatiou  for  10  eecondfl 
only.  (Dessaignew,  Heinrich.)  Pulveriied  phn^pbori  expoMld  in  niamee 
to  light,  ^hine  afterwards  only  on  the  eurfaoo,  aud  when  stirred  with  a 
tod,  exbiliit  daik  streaks,  (Oeann.) 

The  pliofiphoresconco  is  eonietimcB  so  weak  that  it  can  only  bo  per- 
ceived by  an  eye  whicli  has  been  iu  the  dark  for  a  long  tiuio  ;"but  good 
pbos|jliori  often  sbiiic  in  twilight.  Wach's  phosphori  are  vi)>ibly  pbw- 
phurOBcent  even  by  daylight,  and  illuminate  a  dark  room. 

The  duration  of  the  phoajihoreKccnce  varies  greatly  according  tu  tbo 
liaturQ  of  the  body.  Canton  a  phosphorus,  after  being  exposed  to  »nn- 
shiufl  for  10  ei^conds,  sbiucs  for  10  bouta  according  to  DesBaignes,  and  for 
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days  according  to  Grotlluiss;  djloroptiane  far  10  days  accorJiiic  to 
rOt'ottliusd,  add  Oi)  to  GO  Tiiinutos  accotJiti^  to  Heinticli;  Bologniun  piio^ 
plioruA  prepared  by  (3),  for  48  Loura  aeeording  to  Dugnen-e,  1  hour  ac- 
cording to  Hcinricb,  4  minutes  aecmnKnii,'  to  Osann,  aud  80  seconds 
according  to  Dcaaaignos, — realgar  pliospL-onia  for  aome  hours,  antimonial 
phosphoma  for  149  tninutciit,  arBeaical  phosphorus  for  34  niinutca  (Oeanu); 
dia-nkODd  from  5  ee^cotida  to  nu  hourj  cominon  fltior-sjiar  from  1  to  30 
minutes,  moBt  salts  and  organic  subatances  from  6  to  20  eecoiida,  minerals 
for  a  still  aLortLT  time.  (DepBaignca.) 

Tbe  colour  of  itic  light  varies  iu  an  eqnal  degree  acconling  to  tlio 
nature  of  tlio  eubataiicea.  Most  of  thom  emit  a  wliito  liijlil,  diamond  and 
Bologniaii  phoaplinrus  aycllowisli  red, —  iinjCDicil  pHiospliorUH  a^-ellowiab 
red,  wheu  lonjrer  iigiiitcd  a  reddish  yelloTT,  and  iift&r  fitiJJ  lon^«r  ignition  a 
colourless  light, — Caututi's  [iliofphorue  ii  lif^lit  yellow  rose-rod  or  paJa 
violot, — fjiiosphoii  from  oyster  slidia  and  cinnabur  a  yelUiw, — antimonial 
phospbotiis  a  li^^ht  prccn.,  or,  when  it  liau  been  ignited  for  a  Iotj;c;  time,  » 
colourle€4  lijiht,— f;lucina  and  chluropLaiiea  green, — ^trontian  pliospliorus 
n  green  or  bluish  lijfht, — realgiir  pliofpborua  st  blue  Hj;hl,  in  £oiim  [ilacoa 
yellow  aud  purple  red,  hui  after  atrgnir  iguiLicjn  ii  white  light, —  iihospbori 
jroui  oyetcr-&heIls  and  muitaic  gold  or  Ideode  n  bluish, — calcined  oystct- 
!h  n  red  and  in  some  parts  a  piile  blue  light,  Waeb'a  pbospho- 
o  gives  a  blue,  t  a  white,  c  a  bright  green,  bluish  in  parls,  <i  a  deep 
BW  and  If  a  wjijte  light ;  tho  party  sprinkled  with  arscniate  of  ainmo- 
appears  of  a  fiery  red  with  a  gre^n  border;  that  iiioiatened  with  chic- 
le of  antimony  f/,  a  ydlon-isb  red  with  lighter  border;  that  with  white 
itriol  h,  a,  faint  light  with  a  bright  bluish  luminous  lone,  that  Tnoisteoed 
["with  sul|.ihate  of  cfidnkium  i,  a  bright  yellow  with  bluish  circunifereneej 
id  that  spntikltd  with  elilorido  of  tin  I;  shincH  with  a  faint  yellnwiali 
fht  surrounded  by  a  luminous  border.  Siuco  the  border  generally 
iaes  the  most  brightly,  a  niiriiuiNnj  ijuantity  of  metallic  bait  eecms  best 
"  _  ed  lo  sirengihcn  (ho  illumioatiug  power  of  the  phospboresceut 

This  colour  beara  no  relation  to  that  of  the  light  by  which  the  phos- 
fthorescence  has  been  developed.   Thus  diamond  or  Bolognian  phosphorus 
lUBolated  with  the  blue  or  violet  ray,  shiin'a  with  yellowish  red,  end 
tCantun's  phosphorus  under  the  same  circurastanees  with  light  yellow  or 
Wfte-coloured  lijL'ht.    Hence  Grolthuaa  concludes  that  tbe  pboaphorus  hag 
Jthe  property  of  converting  coSourlesa  into  coloured,  and  coloiirpd  light  into 
[liphl  of  another  colour  or  white  light;  and  he  eonsidera  the  diflerencea 
jfcetwfcn  llio  several  rays  as  rc&ulting  only  from  the  different  velociliea  of 
j  the  laterul  oaijillatory  mnienienta  of  the  raye,  the  direct  velocity  of  pro- 
[pagattou  being  the  uamc  for  all. 

[  Phoepboreacence  ebows  Itself  in  &1I  transparent  media  which  do  not 
jaltcr  the  composition  of  tbe  phoapboni!?.;  the  diamond  Bhines  in  water, 
[  liydrQgen  ga»,  nitrogen,  and  nitrous  ga»  (Heinrich) ;  chlorophauB  in  water 
'  (Grotthnes) ;  Canton's  phosphorus  in  a  vaquuin  and  in  all  .gaaea, — bill 
,a«id  gaaea  eoon  dc«troy  its  luminoua  power,  and  chlorinB  destroys  it 
instantly  (DesBaignns) ;  similarly  in  w  ater  and  alcohol  (Grotthues). 

The  ph'jBpliori    formed   from  realgar   and   antimony  rt'laia  their 
property  of  shining  hy  insolation,  when  kepi  for  a  hiug  time  under 
[■water;  tbe  former  does  not  ahine  more  brightly  in  oxygen  gas  than  in 
common  air,  (Osnnn.) 

The  phosphorescence  of  these  bodies  shows  itself,  according  to 
,  Heinrich,  ae  strongly  at  —  12=  afl  at  +  25".    A  kiijjher  tem^eratuca 
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ftrenfrtlienK  it  bat  ehortens  [ts  dnratinn.  When  a  hoir  like  Cutoo'i 
pboflphnrua  or  fibloroplAoe  has  ceased  to  fh'me  at  a  certain  tempernture, 
It  will  shine  again,  even  months  after,  when  its  temperatun?  is  raised,  f.  ^. 
bj  tbe  waimth  of  the  hand,  hy  boiliTig  water,  or  the  approximatiua  of  ft  hot 
iron :  but  it  afterwards  reqnirea  renewed  ingolatioii  to  make  it  ahiue  ^ain. 
(CanloD,  Grutthufis,  Osann.)  Cantuo's  pbo3phoru?  ineolated  in  a  freecing 
mixture  and  remored  to  a  dark  ptac«  witbout  being  taken  oat  of  the 
mixliire,  bhines  as  strongly  aa  if  it  had  been  insolated  aod  placed  in  the 
dark  at  ihi;  ordinnry  tempemture ;  bnt  after  eeasiiig  tti  shioe  in  the 
freeiinir  niislure.  it  og^in  bpcins  l-ipniit  light  whern  raised  to  tbe  onlinary 
(emTJcmtu  e.  fE  Reci|uerel,) — The  Brthi'/ii iiin  pbogphnni!  prepared  ac- 
cordiiiiT  til  (3'.  and  spreal  nprm  a  plutewhiph  ic  turned  in  tbe  open  hand^ 
caoMT"  liie  lii<eer?  ti>  Aww  ifarnuirh  the  plait,  lnM-mi-e  wb'  re  ibeir  w:ini|lh 
it  c'lndiicted  tbniu^b  llie  plntv,  tbe  pltu-pliulilB  shine?  more  brightly. 
(D  (rn'.T'-e  ) 

Tr;ni«liie?iit  *uh"*aTiee9.  such  n8  nmrtde.  likewifle  emit  li^ht  from  the 
sorfire*  "f  fmcnire*!  fanned  <liirtii[;  i>l(n-pbi'^n'5ceii''i>, 

Alt  pb'kiphoi'i  rv^nin  their  pho'-ph'Te'^ccnt  properties  only  so  loO^  ki 
tbey  nra  ncil  <  hemirallv  nllPired  ;  bence  s^nnie  <if  ibeni,  fm  h  tis  the  Bi^ 
ingnijin  iin  l  Cn'iioir*  pbitflphorii*,  niiirf  hi?  preaiTvcd  in  sealed  lubML 
SnriiR  iif  ibpiM,  f  '}.  dinnmri'l  dii*t,  t]il<jnipb;i(ie,  cf-iHirmn  fiuo^r-sprir  anLl 
8ulpbn'e  of  p<>t]ii<h,  !n-*e  tb^ir  iimver  by  tctiition,  but  recover  it  when  an 
elect'ir  sh'n  k  f?  passed  ihmuL^h  Ibem,    fPussai^e*,  Oroltbosa ) 

The  pfFect  [>f  insnhitioil  irn  ri'tideri n the^e  biiilies  phosphorescent  ffiity 
be  repliieed  by  that  of  the  electric  light  produi-ed  by  pa^sinj:  the  chiirire  of* 
j«r  tbMiijg[li  tliem.   Cantfln's  phosphorus  becomes  beautifially  luntinous  when 


dejtroe  with  the  stretigth  of  the  shork ;  sometimes  only  a  streak  of  light 
appmra  folloiring  (he  courpo  of  the  ^park,  lometinies  tlic  whole  boily 
ehines.  (Heinrich.)  The  pliosphnrescence  produced  by  *?lecl^i^-'i^v  has 
the  nine  colour  and  the  snme  dumtlmi  aa  that  induced  by  iti^islBiioR 
{DwaaifneR);  nccordinfr  to  GrotthiiftS  it  \s  brighter. — The  elfrtric  spark 
pndutiea  pboBpliorficencp,  not  by  mechanical  dislurlkniicc  or  elrtsirio 
nptiiin,  but  by  its  li^bt.  Cnntoii'a  pho?.phorus  op  ptetn  flnor-sptir  bccomra 
liinLinniu  when  tbe  spark  of  an  elcetneal  battery  havinj;  a  surfece  of  i 
sqiinrc  metres  la  pa&wd  over  it,  at  any  distance  from  1  decimetre  to  3 
meires-;  {w-i  which  last  didtaihre  the  clcctriwil  effects  are  no  longer  pef- 
c«ptibleti  but  tbe  greater  the  dislanre,  the  weaker  in  the  light.  Sereral 
Aparks  at  a  grt^at  distance  produee  as  inut'h  phoRphoresccncc  aa  one  cloao 
ae  h;ind.  If  the  Cantojiian  phospboruB  cinosed  to  the  electric  spark  be 
plnced  under  gIfiM  colaiire«t  re<l  with  euboside  of  copper  or  under  yellowish 
arecn  ^)as»,  it  does  not  becomo  luminous ;  under  bhie  ^'asa  it  becotnee  veiy 
faintly  lumihoiig,  under  rjoWt  or  colourless  g-las?  rather  more  so  (am!  lh« 
thinner  thegla^a  the  greater  ia  the  effect)  but  not  nearly  so  bripbt  as  when  il 
i«c5poscii  without  ftiiy  covering  to  theactioTi  of  thp  spark.  (E.  Becf^werel-J 
Under  a  plate  of  rock  cryBtal,  emoky  topnK.  or  gypsum  (Marienghw) 
Canton's  pbopphorua  becioinea  mach  more  ppwcrfijllyn urn i nous  ihun  undur 
a  ptivie  of  eolonrleM  gloss,  efon  of  less  thii'kness';  tlie  pbtwphurus  also 
btoomea  lntninon«  when  covered  with  two  pintea  o(  rock-crystal  with 


om  thia  aperture,  it  wlU  be  foimd,  do  nuioriiig  the  paper  in  the  diwfc,  thil 


PHOSPHORESCENCE  BY  HEAT, 


199 


the  plioajihorescence  is  at  Grfit  flonfiued  to  a.  etnaXl  circ]*,  whence  it  gra- 
daalJy  djirtiaca  itafllf  over  the  ivliole  plidsphorua,  then  grudwaUy  diminiahea 
imd  dieep[jears.    (Biut  &  E.  Be«querel.J 

6.  Drvelopmrnl  of  Light,  produced  bif  ihf  action  of  ffeat. 

Almost  all  budiea  wbich  are  oapable  of  bocomiD^  pbosphoreBceDt  by 
iasolation  nad  have  eoased  la  aliine  at  urcEinary  temperatures — and  otlien 
likewise — become  luminous  wlieti  lieuted  in  the  dark.  It  tmnas  Lberefitre 
that  tbo  bodies  at  tlie  ordinary  temperature  cuntain  a  certaiji  riuantily  pf 
light  BO  ii)timfl.t«ly  combined  with  tbem,  that  it  cannot  ditlusd  itself 
through  a  dark  apwe  by  virtue  wf  iia  own  elasticity ;  but  that  tlie  capacity 
of  bo'liea  to  &\  light  diminiBhet  ae  their  temperature  ri^ea. 

The  enbstancos  wliif-b  exhibit  phogphoreecence  when  heated  a.re  not 
<m!y  alintiat  all  those  which  actjuire  the  same  property  by  loBolatiun,  but 
likewise  those  diamoada  which  du  uut  become  luminous  by  insulation 
(Keiciriiafa);  also  baryta,,  etroutia,  lime,  laa^'ueGia,  alumiua,  apatite,  the 
filings  of  Beveml  mec&ls  (tine  and  antimony  are  the  moet  luminous,  guld 
fthd  silver  the  leset;  mercury  aleo  eiihibitg  p.  very  faint  lutniunaity  aecord- 
Uig  to  Dcss&igues,  n<>ne     all  according'  to  Heinrieh) — very  ttiany  nietalHii 
oxide?,  both  hj^drated  aud  auhydrous,  almost  all  earthy  luinerais,  e,  g., 
.red  fiappbire,  rock   crystal,   red  felspar,  red  tutca,  aabeatus,  steatite 
|W*dgPwood};  wernerite,  dipyre,  treuiolite,  bamjotoine  (Hauy);  heavy 
qMIr,  anhydrite,  bitterspar,  datotite,  green  ttappbirc,  brown  adanmntinQ 
Ttpal-,  common  quartz,  amethyst,  grey  hornblende,  blue,  yt^ltow,  and  white 
ftopat,  rtibellite,  cyn.ciile,  epodiimone,  petalitej  aodalite,  green,  hrowu,  and 
jklack  mica,  lapia-lazult,  obsidian,  niesotyper  tabular  spar,  augiCo,  glassy 
|.ftctyDoiit^,  ephene,  anataee,  black  titaailerouA  sand,  tnugstate  of  Uuie,  q>i)l- 
fthato  of  lend,  arscniate  of  lead,  red  silver  (Brewster);  baryto-cilcite, 
{Children.  Ann.  Phil.  24,  1  la.) — Sulphate  of  quinin  and  Aulphate  of  oia- 
(ishonin  ehiue  when  moderately  heateil;  resin  of  ^ruiaeuni,  mastic,  sanda- 
noh,  oUbanum,  myrrha,  gulbantim^  and  aninioniacal  resiu  at  their  boiling 
points;  gum  nrabie,  margh-niallow  root,  and  Florentine  violet-root,  at  a 
heat  at  which  they  bcfjiu  to  char,  perhaps,  therefore,  iu  coneequence  of  * 
Blow  oombuslion.  (Jonas,  ^i'.  Aivh.  17,  250.)    Cumji.  Bottiger.  p.  200. 
LihcwiBo  wax,  fat,  and  volutile  oils^  and  many  other  organic  budie«,  shine 
■when  heated,  their  phoephoreeoence  being,  however,  due  to  elow  combua- 
tlon;  the  Pame  remark  appliea  to  iho  luniiuosity  of  the  filings  of  several 
metaU]  which  may  perliafis  bo  due  partly  to  the  combustion  of  the  metal, 
partly  to  that  of  oil  adbc'ring  to  rt. — Tlie  eparkltn^  observed  by  Dob»- 
Tfiiner  {Schw.  41,  221)  on  heating  chlorate  of  petaeb  with  [wwdered  per- 
oxide of  manganese  (or  with  fiue  q iinrtz-eand]  (Schwci^ger),  in  b  glnu 
lul^  likewi^  results  from  chemical  combination, 
k      Fhfisphoreacence  is  not  induced  by  beating  iu  bodies  which  fuse  nr 
Tolatilize  at  a  high  temponiture,  f.     the  hydrates  of  [wtftah  and  soda, 
nitre,  the  nitrates  of  strontia  and  lime,  and  amnionlac&l  sails,  which  at 
moet  beeorae  slightly  lunnnciua  when  gently  heated  (De8saigrieB)j  neitlter 
does  it  occur  in  incombustible  liquids  (Heiuridi). 

The  lowest  temperature  capable  of  inducing  pboaphorceeenco  i»  not 
\wi\y  different  in  different  atibstauoes.  hut  lilt^wise  varies  in  different  spe- 
cimens of  the  mine  substance.  With  Canton's  phosphorus,  cbloropbtine 
(Pallas),  many  diamonds,  and  white  toiiaz  Ph>ft.  55,  60),  which  have 
ceased  to  ehtno  iti  the  dark  at  ordinary  tempcrntures,  the  heat  of  the 
imd  or  tbo  breath,--<^d  with  the  lir«t  mentioned  eubdlanoe,  imuicr^LoQ 


in  oil  of  vitriol  or  nitric  acid,  wbicli  prodiiroe  bent,  is  sofflcieiit  to  «Xcit# 
phofipIturescenC'e ;  with  common  fluor-spar  the  tempenitufe  iiiuet  be  faieed 
to  between  G3'  and  100°  C,  with  phuspKurite  from  Estremadura  mid 
B^ularia  to  JOO^  with  diamond  lietwecd  100"  mid  250°,  with  tlie  natural 
forms  of  carliotitite  of  lime  betweeu  200°  and  32a'^,  vnih  mincmla  of 
tho  siliceous  class  between  250°  and  3T.>°,  with  oils  bciween  94"  and  250'. 
la  ihis  respect  it  is  indifferent  whether  tho  body  is  in  the  fonn  of  lunipa 
or  jjowdcT,  and  whether  tbe  heated  support  cunsiata  of  glaits,  eluy,  porce- 
lain, iron,  copper,  silver,  mercury,  or  tin,  or  whether  the  subabuice  is 
thrown  into  hot  vatur. 

Bodica  which  become  etrongJy  phoephoreecont  by  iueolation,  generally 
aieo  ahine  brightly  after  being  heated, — ami  conversely ;  a  conpiderabfo 
degree  of  phoaphiiresceiico  ia  however  ncipiircd  hy  hard  miiieraU  when 
tented.  The  longer  a  body  shines  by  insolation,  the  luDgcf  also,  generally 
Epeaking,  does  it  ehiiie  after  hesttin^ ;  and  with  the  eaiue  body,  the  phos- 
phorescence produced  hy  heat  laste  longer  than  that  excited  by  insulation, 
— with  the  exception  of  djainonci,  ftiior-bpar,  Ciinton'o  phosphorus,  and 
other  bodies,  which  tihiiie  for  a  long  time  after  in^sol^itiuii,  andj  on  the  con- 
trary, for  a  shorter  lime  after  being  heated.  The  intensity  of  the  light  ts 
»Uo  Jirectly  proportioimJ.,  its  duration  inversely  propfirtional,  to  tha 
degree  of  lemperalore  to  which  the  bodv  rai.'^cd. 

With  most  bodies  the  light  is  soft  and  aireaming,  with  metul  filings 
and  certain  heavy  nielallic  oxides  it  is  sparkling.  (Deasftignes.)  The 
colour  of  the  lii^ht  bears  no  relatioti  to  that  of  the  phuspbcirescent  body, 
and  ia  more  variablt  than  when  produced  by  insolation,  being  sonicliniea 
■ffliilo,  sometimes  violet,  blue,  green,  yellow,  or  rodJifh  i  the  same  body 
ofien  exhibits  several  of  these  colours  at  ditferciit  stages  of  the  proooBS  of 
heatiug,  sonietime-s  in  the  order  just  mentioned,  snmetimee  ia  the  reversa 
order,  but  always  in  such  a  manner  that  some  of  the  colours  are  pas»cd 
over.  (Hoiurieh.) — The  light  cniitied  may  be  resolved  by  the  priani  tnto 
a  coloured  spectrum,  just  like  ordinary  light. 

luorgauic  bodies  shine  equally  well  in  common  air,  oxygen,  oitrogen, 
hydrogen,  or  cttrbouic  acid  ga^,  or  in  vacuo,  water,  or  oil;  organic  suU' 
etuncea,  on  the  contrary,  tthino  only  in  air,  or  etill  better  in  oiygen  gas; 
their  phoBphoreacence  is  therefore  1o  bo  regarded  as  a.  phcQonu'iion  of 
combu»-(ion.  Only  in  the  <:nse  of  linseed  oil,  De^^i^nc^  w.-|$  able  to  dis- 
tiiiguish  a  fainter  luminosity,  which  occurred  at  1 25°  C,,  even  in  carbonic 
acid  gas,  from  the  stronger  ]'ligspborescenc(!  whith  wiib  pn,'Jnced  at  » 
higher  temperature,  and  only  when  oxyg'^n  was  present.  The  phospho- 
roacencc  of  boiling  lini^L'cil  oil  censes  when  llie  air  is  removed  hy  the  air- 
pump,  and  rccommencea  when  it  is  atpiin  adinttt^d.  (Grolthans.) — Quinin, 
ftulphatc  of  4juiuin,  and  sulphnt«  of  cinchonin,  do  nut  ^liiiie  so  strongly 
during  the  time  that  tliey  are  heatai  (on  paper  over  n  lamp)  as  they  do 
30  or  -II)  Mcconds  nftor  the  rcmonii  of  the  Ititiip:  the  InniiuoHity  begtlia  at 
the  cdf^'e.  extpmls  towanls  the  middle,  iiud  often  limt*  several  niinulea. 
Other  puUn  of  i|uina  and  other  organic  ^atiHable  hiiseii  exhibit  no  phosphfw 
reacentc.  (R.  Dotlger,  A  jui.  Ph'triti.  3G,  342.)^LH[ucnoua  character*  may 
bu  traced  on  paper  with  a  piece  of  irftn  heated  somewhat  below  rcdnrsa. 
The  vapijur  whieh  risfs  from  pappr  heated  hy  contact  with  hot  iron  in 
aleo  liiniinfun;  so  likeu  i»e  are  wood  and  sugiir  when  touched  witli  a  hot 
iron.  fOrotlhiids.)— The  ivick  of  a  tallow  candle,  wliich  hna  been  exliu- 
giiinhi'd  in  rho  dark,  *o  as  nut  to  leave  u  eingle  spark  nlight,  rcmtiitia 
faintly  luminous  for  wJine  »>pconds.  If  eulphnr.  wax,  tallow,  fat  oil.  cam- 
phor, resin,  or  cwjulehouo  be  rubbed  upoa  hot  irwu  not  luminous  lu  llio 
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dark — or  if  the  iroa  he  bpoiig-!it  in  contact  witli  gum,  starcb,  horn, 
fe«ltier8 — or  if  oleJiaiit  ^a^  or  Dtlier  vapour  l>e  made  to  rise  against  it— a 
pale,  bluisb  white,  lambent  flame  uf  rariuu»  decrreea  of  intensity  will  bo 
jiroduced.  Talluw,  paper,  and  cacao-fEL't  exhibit  pbusplioreeceuc'e  at 
I49^  wai  not  below-  204"  C.  (Williams,  Po^ff.  3d,  490;  atsu  J.  pr.  Ch.y 
6,  &2.) 

Budie'S  whirb  Itave  ceased  to  shiiio  at  a  certain  iemperaturc  again  be^ 
como  hituitioirs  wbcii  more  strongly  heated;  but  thi^y  titcii  reqtilro  to  be  ouce 
more  ex[KP3ecl  to  li;jbt  before  tliey  will  exbibit  phoepliorescencg  on  Ijeing 
heated.  The  realgar  nnd  autimoDV  "phospliori  prepared  in  a  rovcred 
crucible  and  cooled  in  tbo  i.hc'k  do  not  become  ]ihij-''j'lioroseent  by  heat; 
hilt  if  exposed  to  lijrht  nnd  then  kept  in  tlie  dark  for  a  long  Liiiiti,  they 
«niit  light  on  being  heated.  (Ojianti.) — Th»  a|ipIifatLcni  of  a  very  strong 
hoat  (>nidntt?S  a  tnomentary  ami  very  vivid  phottphorescciice,  but  deprives 
most  bodies,  tlie  h^jivier  metals,  tbeir  oxidf*  and  en\t^,  for  example,  of 
the  ]iow-er  of  again  becoming;  luminous:  f.<j.,  metal  filing  do  not  emit 
light  when  too  mucb  prpssui'e  haa  been  Ufled  in  thfi  art  *if  fiiinf,'.  {Dcs- 
saigiiet^.) — Mnny  otbor  hotlie^  may  be  deprived  hy  hiilf  iin  LourV  ignition 
of  the  power  of  emitting'  liRbt  when  heated,  r.  (/,,  precious  atones,  glaas, 
quartz,  day,  maj:nfBia,  heavy  ajiar,  slrontiaiiitc,  carbonate  of  lime,  mior- 
8par,  and  many  (itlier  ^aUs  of  tie  alkalia  and  eartlia  wbit^h  partly  lose 
tLeir  water  of  crvelallizalion  wLen  ignited.  The  luminous  povv^r  is 
however  restored  f»y  uleetric  dischartrea  even  wLen  sent  throufh  a  paste 
formed  of  the  powdered  gubataiicc  mixed  with  water  (ibis  i&  the  casQ  with 
carbonate  of  lime,  lluor-sf>.ir  and  htnvy  epar);  ia  the  case  of  salts  whiult 
LaTc  lost  their  water  of  crystallizatiuu  by  ignition,  the  phospLorcaeeut 
power  is  reslorcd  hy  exposure  to  the  air,  hy  breathing  on  tbein,  ormoiEtca- 
ing  them  (ijonie  »alt4  indeed,  ttfter  bcin;^  nioiatened  with  water,  shine 
ngain,  though  but  faintly,  wliqn  heated,  without  previous  esposnrc  to  lig'ht, 
— /De^aigncs,  Gruttbas);  and  in  tbo  caee  of  stroTitianitu  and  carbonatQ 
of  lime,  by  heating  to  whiteness  (Heinrich,  Dossaignes). — Chlorophane, 
which  has  lost  its  pliosphoreaecnt  properties  by  iguition,  yields,  by  aohi- 
tion  in  hydrochloric  acid  and  evaporation,  crystals  of  fluor-spar  ivhich 
act|aire  little  or  no  luminosity  when  heated;  whereas  if  the  chlorophano 
Ito  fresh,  or  if  its  phosphorescent  jiuwer  after  being  destroyed  by  ignitiou 
lias  been  restored  hy  the  electric  epEirlf,  it  will,  when  treated  by  hydro- 
chloric aciJ,  yield  crystals  which  omit  lig'ht  on  lioiiig  heated.  If  igntted 
and  tuiignited  chlorophane  bo  diBsoh-etl  in  ]iydroc!i]oric  acid  and  precipi- 
tated by  ammonia,  the  precipitate  of  the  former  will  shine  when  heated 
with  a  faint  binish  white  li^ht,  that  of  the  latter  with  a  bright  emerald 
green  light  If  the  hydrochloric  acid  i^olutiou  of  uni<|;nited  chlorophane 
bo  treated  willi  »iilpburie  neidj  the  precipitated  sulphate  of  limo  ehines 
almnet  as  brightly  ati  the  chlorophano  it^ielf,  but  with  aiiomowhat  dilfereat 
light;  if  a  scflution  of  ordinary  chloride  of  calcium  bo  treated  with  sul- 
phuric iicid,  a  precipitate  of  gypsum  ie  obtained  which  ia  quite  destitute 
of  phosphorettcence.  (Orotthus.)  if  ignited  chloride  of  Hodium  bo  dis- 
solved in  Olio  portion  of  water,  and  ilie  same  ^It  ignited  and  aflerwarda 
electrified  be  iiitisolvLid  in  another  portion,  and  both  eolntioiis  evaporated, 
the  hitter  will  evaporate  more  quickly  than  the  former,  elfloreecing  at 
the  tame  time— and  yield  a  salt  whicii  ehinoa  more  brightly  when  heatcil 
than  that  whieh  evaponites  from  the  former  solution.  (Grotthuss.) 
Baryta,  sirontia^  lime,  magtiesiiL,  aluuiioa,  and  silica  do  not  lose  by  igni- 
tiou  the  power  of  emitting  light  when  heated.  (Dessaignes.) 

FiHirsall,  In  tbe  following  experiments,  placed  the  buhstaDoe  to  be 


<mr.    CUtnflM*  JefiigJ  liy-  i^ibn  trf  the  powvr  of  — ^'itg 
«lMa  bNMd  aaiM  M  IWIM  it  \f  tw  diiW  exfMVra  to  tka  ntys, 

■^)*W<a««t>f— tfcttyty  iiwiiiliil  Airfci  CMnr^iimMr 
llIiiliM  I  dier  kMiiii  •Um  IMUt  m  Wn;  krtc^  if  k«f*  far 
mwmat  te  ne  dark;  tm  if  biag  «iwaiifaJ.  ii  b  expand  to 
Ifta  «■  fcr  Iha  «Me  of  lUs  niM-iml,  ii  gmi  liaW  *r  »>  light  ^km 


Aftiitt,  ilarbifcjd  after  inibH,  Amm  a  firw  jrillna 
Ml  Uaigarcrf  laar  ff ,  wWck  M  Am  vhM  kmled.  auitrM 
ifejiwiMfij  M»fciifc€rdtff<B>lt>§iiMiii  dwa^iliirfaiMtric  Aocfci 
MedtMHhfi.  MigMWd  aBaMwkBMea  Ibmbw  «^  beasad, 
Mila  aArr  At  aatfas  af  cleetria  AaeU  »  MK  iMM  %H  wkieh,  aftw 
MTtral  diaekargH  Iatc  lata  paMed,  ^Hi—lita  mmm  iwmri;  t*  ikat  of 
tWawpfctrw,  aiad  whailt  uiilawt  iHKiitai  Am  Am  vhiah  tt  kwl  Mm* 
tltttriwliiiB.  H'Mnlt  CMtaWv  tifim  aad  alawn  a^  Mt  arigiBatlr 
fwmlag  ibe  Ibenhf  bT  miHttaf  llglii  wbn  boated,  da  aal  attain  m 
pctver  bj  ibe  action  of  elevtrie  Aoeka.  A  oolvtimi  phoafworaaBwt 
aiifttilfl  or  lMr-a|Hr  in  hjdroeblorie  add  girea,  wben  treated  viib  mmmn- 
ni*.  «  pmHpttato  wbldt  doM  not  becotiie  lantinoas  when  beaietl,  eitber 
aAer  nmplc  drying  ht  after  ignition  aod  etectrintion:  bat  a  urinarir  eal- 
mlas  conaiKting  of  pboephate  of  lime  becomes  lumiDQiu  wheo  eimilBrly 
lrMl«>l.  The  cryatala  of  jaoride  of  calcinm  whicb  tbe  solatioD  of  floor- 
•par  in  b^rdrochloric  acid  deposits  no  cootis^  likewise  emit  I^bt  on  b«Bg 
beated.  (Pnnall.) 

tf.    Dewttopment  «/  £^A/  6.*  ifecAatiiVof  F tww, 

Almcwtt  ftll  bodies  wbich  acjaire  pho9ptore«cenc*?  by  insolation  or  by 
tbft  ncli'iii  of  Iient,  likowiw  become  lamini-u?  hy  frji-tion  or  percussion. 
T}i«  otnFiinc'il  liirbt  thus  dijienga^e'l  frviD  them  is  prubnMy  the  aiino  at 
tbat  whirh  in  nH  freo  by  beat;  frum  whii^li  enu«e  alqn  tbe  ioKMi^lty  of  tbe 
Ifglit  ■dBvob>]M;d  liy  pcrcUBsion  iacrea^es  wifh  tbe  teniiH^rsittiri;. — Bec^uent 
{^nn.  C'him.  Phffi.  22,  33)  refm  Hie  liphl  developed  by  presaan;  to  olw- 
trie  action;  if  for  example  two  in&ases  of  ice  come  in  contact  at  svn,  th^y 
are  l>roii([bt  by  rtrong  pressure  into  (>ppo<<ite  ■electrical  alotes;— untl  trhea 
tbe  prtWMnre  vmoj^w,  tlic  oppos'ile  c-IectHcitiea  combine  a^in  and  proJuro 
Ligbt.  The  dcv^^tupmcnt:  uf  light  hy  friction  ia  in  tiiany  cases  undonbt- 
etlly  of  nn  olectric  nature,  e.f}.,  in  that  of  aulpbatc  of  quiiiio.  ^[o^eover. 
prt^mire  prodiicM  hetit— and  ibis  may  excite  phoapboppsceiice  by  rise  of 
Iciniuirutciro.  Tlicro  is  probably  also,  according  to  Heiiirich,  a  <^ 
Sijxir-ili&n  {Trmiivngt-tich),  i.  f.,  a  derelopmenl  of  light  jirofluced  hy 
dwtni'^liun  of  cnheiion  a«  in  splilling,  tearing,  or  breaking;  in  fflw  rasei, 
*.;/.,  iron  pyritc*,  is  tlic  production  of  liglit  a  consequence  of  combustion. 
R,  RiWtffrr  {I'or/g.  43,  CS.'c)  cndeavonrfl  lo  prove  thai  tlie  llf:bt  dcveIo|iefl 
by  niliriTifl;  flinl«  logctlier  is  electrical — from  the  fact  tbat.  like  tbe 
olcrtrifi  1it('>N  >'  ■boWM  di^ttiiirlly  and  Hepnrntely  the  colours  niiiniefl  on  & 
rnviiKing  circular  dincj  Dopjtlcr  [Po^S.  ■40,  50jS)  roganls  tliia  {>nof  aa 
t«iillitiict]l. 
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Solid  Bodits. 

Photp\orfSf!ence  praduerd  by  tearing,  ^plittinff,  and  mbfrinj. — When 
bomcio  arid  soHiliEies  after  Tu^inn,  it  eplits  in  eooliug,  and  eitiibitB  uloBg 
the  crHcltH  a  liglit  which  is  risible  even  in  the  daytime.  (DiiniFis,  Ann, 
Chim.  Pkj/t,  32,  335,  iileo  Fo^ff.  7,  535.)  Sulphate  of  potash  fiifled  with 
cream  of  tH.rtar  and  a  Littio  coinition  suit,  lilfewtBC  cracks  In  cniiling  and 
emits  Irglit.  (Soliiller,  Ta^ckerb.  1731,  54.)  OJass-dropa  almost  alirnys 
emit  li^lit.  when  tSiey  burHt  (Fleiuricli,)  In  tlio  cleavage  of  Iliissian 
niicii  sparkf  itro  prciduccd  whicli  BoiiietiriieB  start  nut  to  tin*  distatice  of 
01  inch.  (Hiiinrich.)  If  Iwu  piwcoa  of  clotli  jQlnipd  together  by  a  ahjIh- 
tiun  of  <.'!ioult'liiiu«  in  twl-tar  he  suddenly  pnlled  asunder,  or  if  ttiiy 
coUc^n  fal>ric  1ia  (jutickly  turn,  litfht  will  he  einltti^d  and  will  be  visible  m 
the  dark.  [E-l  PIni.  J.  JO,  18.^)  (No  light  'vt  develnjicd  by  the  brciik^ 
ing  vf  nifies.  silk  i^trings,  ur  wires,  by  ibe  splitting  of  wnoil.)  Cylin- 
dtrs  of  the  following  sobstimcea,,  mostly  crystnllimj,  emit  ii^rht  wlien 
broken,  provided  the  fnicture  be  not  clean,  hut  MmiLlI  pieces  nre  thrown 
off  or  cnifks  pindoced:  Fluor-s|iRr,  rock-salt,  sulphate  of  f>otish,  rock- 
,  Cryplfti,  rosKj  ([ua.rtK,  hynlite,  topas,  cyauitc,  adularia,  labrailor.  glassy 
treniohtf?,  zeolite?,  ye'lovir  bliifude  and  siy^fi.t,  especially  CHOiiry  eu^r  ami 
iug&r-caiidy;  ib^qc  rinhEtaiicpe  emit  a  much  bri^iit^r  li^rbt  when  pounded 
ID  a  niortjir,  Pitarlrat^  of  potnah,  Rochelle  salt,  and  f^Ms  Lubes  give  out 
,  ftn  indistinct  li^'^ht  when  broken;  iiluni,  borax,  and  Glaub«r'.8  »nlt  emit 
,  Done  on  boiny  broken^  but  all  the.ip  aiibstances  give  out  liglit  when 
,  pounded  in  fi  mortar.  (  Heinrith,)  Tartaric  ncid  becomes  luminona  when 
pounded  (Morion's  J.  CAitn.  Mrd.  3.  287);  so  likeWiMB  do  large  maases  of 
beef  and  mutton  suet  when  hrntsed  by  beating,  [Bauenifeind,  Kesini 
Arth,  18,  3*0.) 

PkosphnrtiTenct,  prodvced  by  ruhbinff. — The  following  BiibstanceH  ■emit 
lij^ht  when  rubhed  together;  Diamonds  which  hecomei  phosphorescent  by 
ineiilation  or  beating,  chlorate  of  potoab,  heavy  apar,  fitrontianite,  hnrnt 
I  lime,  Cnnton'e  phosphoruB.  fluor-epiir,  mnny  kiodB  of  statuary  innrbloj* 
^dolomite',  arragonilc^  anhydrite.  Homhprg'a  phosphorus,  plmspliorite  front; 
"  Bnmdnra,  g\mB,  porcelain,  all  precious  atones  and  vitreniis  niinerala 
brightest  liglit  is  emitted  by  milk  qua-rtK  nnd  adularia,  the  faintest 
[>y  ja-'per),  blende,  calomel  (com;)  Castillo,  J.  Phnrm.  13,  cwrro^' 
live  Kublimiite.  eulplnito  and  pboaphsite  of  mercury,  loaf-AUgtir.  engar* 
cnndy,  and  rcsine.  (Dp^saignee.) — Also:  sal-ammoni^ac,  nitre,  alum,  an' 
blue  vitriol  (this  laat  only  after  drying",  the  plecpn  being  rubbeil  togethef^ 
while  yet  warm).,  burax,  rock  salt,  wilhcrito,  double  R'frncting  ^par^' 
cakajiar,  many  granular  limestones,  many  kinds  of  alabaster,  fluor* 
spar,  apatite,  pharmacolite,  rock-crystal,  quarte,  amethyst,  agate,  chal- 
cedony, hornstune,  red  and  hand  jasper,  opi'il,  corundum,  topas,  aduluria^ 
curnmoa  felsjiar,  labrailor,  lapia  lasuli,  tourmalin,  pyrope,  wetz-schic'rcl^ 
elastic  stone,  baked  earthenware,  calamine,  iron  pyrites  (the  laat  sbinesj 
by  combuation),  tinstone,  magnetic  iron  ore,  ana  blood-stone.  (Heiu- 
nch.)  Phosphoresce  nee  is  likewise  exhibited  by  wet  crystals  of  nitra" 
of  baryta  fnot  by  dry  ones)  when  violently  thrown  one  ngainat  (he  otlie 
(A.  VVcrner,  J.  pr.  Chfn.  14.  249);  nmnna-Biigar,  and  the  so-called  5ub- 
reeins.  (Bona*tre,  J.  Pharm.  10,  lElL)  According  u>  Mills  {Ann.  PAit. 
23,  235),  acetate  of  lime  evaporaleil  to  dryneaa  aod  heftled  to  120°  0. 
also  emits  lig^hh  n-hen  rubbed  with  a  spatula. 

No  phosphorescence  of  this  kimi  is  exhibited  by  any  of  the  metals,  0^ 
by  any  metallic aulphureUsfliceptblendoi  thehydtiiAx)&QCv<i'(AsVMAiiR>^v 
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nil  paJts  of  animoniit,  potaelij  and  aoda,  except  chlorate  of  potasli;  gvi>- 
snni;  the  heavy  nietiillic  oxidee;  tiiincKils  c<iiilaii]iii^f  Itetivy  metultic 
oxides  ID  large  quuntity;  all  heavy  tiietiillic  salts  except  the  mercurial 
iialU  above  mentioneil;  nil  vegetable  tubfibincos  except  sugar,  rc^in,  anj 
certftia  liquids;  all  animal  sulietnnoe^.  (Dessaigncs, )  Moreover:  eulphur, 
the  Btiluguiun  phoepliuru^,  cyanile,  st-Cittltej  lime,  meerscljaum,  ael>efltaa, 
teeth,  boues,  antlers,  home,  aud  arubcr.  (Hotnrich,) 

As  a  general  rule,  the  flame  bodies  emit  ll^rJit  when  ruLbeJ  with  r-ock- 
crystalj  an  etching  needle,  or  a  revolving-gritidHtonej  on  the  Latter,  phos^ 
pborcficence  is  &]bo  exhibited  by  tit'rpeiitine,  leoLitc,  real^r^  epurry  iron 
ore,  galena,  and  Uucbclle  ejilt;  the  frictioii-liglit  which  is  genemlly  of  a 
pate  yellow  eolour,  ifl.  when  produi^ed  by  the  grindstone,  of  a  fiery  red. 
When  large  grindstones  nre  u^d,  the  rise  of  ttiiupenktLire  la  iaconaider- 
able  (1),  fur  the  pieces  uf  fluor-Bpiir  which  fly  oU'  buou  eense  to  shiue. 
(Heirjrich.) 

Xt'iamoudd  whith  do  not  become  luminouy  by  ordinary  rubbing  emit 
light  when  strongly  rubbed  one  agaimsL  thv  other,  by  whiirh  small  fii»urct) 
are  prcJuced  within  thtni,  (Dessnigues.) 

A  peculiar  smvU  le  ['rodnLcd  when  nmny  pubstances.  luminous  as  well 
as  non-luininous,  are  rubbed  together:  on  rubbing  together  pieces  of  cjuarti 
in  the  air,  h  l.>hu-k  powder  ia  produced,  and  a  white  one  if  they  are  rubbed 
undn^r  water.  ■(DcjwiJiigiies,) 

The  iemissiiin  of  liyht  iilso  takes  place  in  vncuo,  and  upJer  water,  pro* 
viiteil  Cho  latter  does  not  e^icrt  a.  solvent  action. 

The  liybt  is  whitG,  yellow,  red,  or  blue,  aceording  to  tlie  nature  of  tbo 
bodies:  Ila  ilur!iti<)n  ia  in  nio»t  cii.*e8  merely  inoiuont.iry;  Ihe  •IjaTnund, 
however,  shines  for  a  Tnlniite  when  rubbed,  nml  ailtilaria  continues  lumi- 
nous for  some  time  and  throu^ih  Its  M'bule  mass,  ^vhen  IIuwh  have  be«a 
produced  in  it  by  pressure.  (Desttfiigne-s.)  Thy  intensity  of  the  light  in 
any  purtii^ular  suhutauce  is  greater,  ilic  more  it  has  been  previously  heated, 
-^provided  the  heat  haa  not  been  ruined  to  rednes^^  in  which  tA^  the  body 
exhibits  no  more  phoapfioreeccnec.  A  liody  cooled  to  a  very  low  tempe- 
rature, exlLthild  littli!  or  no  pbosphorescence  when  pressed,  (Dc«sa)giiie«,) 

The  following  scibelanwo  bi-conie  luininuiis  when  rubbed  with  an  ordi- 
nary (jiiill-fratber:  Apatite,  fluor-spar,  roL'fc-erystal,  quarts,  agate,  chal- 
cedony, lapih-laKuli  (tbcae  Svc  only  wheu  newly  fraeturcd),  siliceous 
felspar,  niiea,  treniolite,  the  so-called  crvBtolline  sanch-tone  iind  other 
varieties,  lithuuiargc  and  white  clay  ^Heinrich);  Canton's  and  Hanibcrga 

{ihobpborus,  dolomite,  many  klnda  of  blende,  corrosive  sublimate,  &iid 
oaf-sugar  (Dei^salgBi^s).    The  diamond  alone  shiuea  when  rubbed  with 
wool  or  with  n  brush,  (Dceiaignea.) 

Sulphate  of  cincbonin  pbioes  with  a  greenish  light  when  rubbed  in  % 
I»aeiii  at  i^l*';  so  likewise  does  sulphate  ■of  ijuinin,  and  with  greater 
intensity;  both  substances  become,  at  the  eame  time,  posittvely  electrical. 
(Caltaud,  Stratingh.) 

All  precious  stones  (exccptiug  diamond),  marble,  many  kinds  of 
blende,  and  Icmf-augur,  Ijecunie  luniinouo  when  struck  with  a  wuuden  or 
steel  hammer,  (De&saignfs.) 

J'fiosphoretcmcr  from  prtatnre  on  pu/vfrhed  fivdiex. — The  following 
(<ubatances  tn  the  slate  of  powder  emit  light  when  etruck  oil  the  anvil 
with  a  hammer,  or  prcstsed  in  the  fire-syringe.  Arragonite,  enletipar, 
marble  linienluiie,  cUalk,  apatite,  alabastct,  fluor-spar,  ametlivstine  reck- 
crystal,  obalcodony,  feUpar,  mica,  chlorit-schiffcr,  tremolite,  and  (vory 
fiUBlly)  Bgalmatolite  and  steatite.    Tbc~<  are  in  fuct  tL«  iKidic^  whica 
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Ahlne  when  heated,  pnd  the  lieitt  wlilcb  tbe  pressure  produces  is  tbe  cause 
ot  the  luminosity.  (Heinricii.) 

WbcB  lieavy  spar,  carJjoimto  of  Ijaryfa,  carbonate  of  strontia,  lime- 
stone, ctialk,  dolninite,  Canton's  mi'l  Hoiiibcrg'^  phosjihwiis,  and  magnesia 
are  lieatcd  eittier  to  rcilneas  or  to  wbitenpsa  and  strnvk  a«  BOf>ti  rs  they 
have  ceased  to  emit  liglit,  the  luminosity  reappears  and  continues  for 
longer  timo.  Tbia  developuient  uf  light  in  perhaps  of  a  different  kind. 
(Dossaigr.es.) 

Water,  Rf^ueonH  solution  of  potash,  acetic  acid,  nlcoliol,  other,  yolatila 
oil-s,  and  oUre  oil  become  lyminoua  when  rapidly  cnmprcased  iu  a  glaaa 
fire-eyringe.  (Dessaignes. )  The  same  reenU  is  obtaiiiifd  witli  saline  solu- 
tions. (Heinrich.)  'I'ho  light  siiows  itaelf  most  atronyly  in  that  purt  of 
the  licj^aid  which  i»  fartlieat  from  the  piston,  and  i|uickly  diiiapi>e!irs.  The 
experiment  may  be  several  tinios  and  uniotorniptedly  repeated  with  the 
eamc  water,  tbe  temperature  perhaps  rising  to  5'  C.  (Heinrich.) 

Elastic  Fluids. 

Air,  oxygen,  and  chlorine  are,  according  to  Saiar^  and  DfiBsai^jnesj 
the  only  gwsea  which  emit  light  en  tlie  glasB  Gre-gynage ;  according 
to  Heinricli,  tins  effect  is  also  produced  by  hydrogen,  nitrogen,  nitroiia 
oxido,  and  cartonic  acid  gas.  (The  ae-^ertion  that  hydrogen  gives  the 
brightest  light  and  at  the  same  timo  the  greatest  beat,  excites  a  bu&picioo 
tbat  the  gaij  u->jcd  iti  the  ex}jerimeiit»  was  mixed  with  common  air.) 
The  lupiinoua  appearance  is  produced  with  greater  certainty  when  to  the 
lower  surface  of  (be  piston  there  is  iittacbed  a  ?ponge  moistened  with 
water, — or  still  butter  ivith  solution  of  alum, — or  eli^e  some  Gne  threads  of 
glass  oraabestuS,— on  ncconni  of  the  action  <jf  the  points  (Schwei^^r,  A'cfcw. 
40,  10).  Spongy  plaliiium  n-ttaehed  to  tbe  piston  does  not  favour  the 
production  of  light,  {rfiill'.  ScAw.  40,  1.)  Tlienard  (Ami.  Chim.  Fhi/s. 
44,  181;  also  J^i^^g.  If,  442)  attributefl  this  light  merely  to  the  com- 
bustion of  the  teathcr  of  tbe  piston  and  the  grease  used  to  Inbricnte  it,  in 
the  compreeaed  gases,  inasmuch  aa  this  apjiearance  has  been  observed 
only  in  air,  oxygen,  ami  chlorire.  When  the  piston  is  made  of  braae 
covered  with  felt  and  lubricated  with  water,  no  liirht  ie  seen,  uulees  the 
felt  ha^i  not  been  Biifticicntly  iiioi-steuod ;  neither  iia  there  any  luininoua 
appearance  produced  when  tho  tube  has  been  carefully  cleaned  from 
greaae  with  caustic  potash.  Since  the  luininotiity  of  gases  shows  itself 
only  when  the  piston  fits  the  tube  very  clotely.  and  thih  close  ndaptntioa 
is  not  easily  attained  by  the  asc  of  water, — and  ]norcover.  since  fiome  of 
the  foUowiiijr  experiments  appear  to-  contirm  the  fact  of  the  development 
of  light  by  the  compretiEion  of  ga^es, — the  matter  mwst  for  the  present  b? 
looked  upon  aa  uadeciiled.  (Gni,) 

Detonating  bulba  (j.  e,  glass  bulbs  bernieiicRlly  aoalcd  and  nearly 
empty  of  air)  when  tlirowa  ou  the  ground,  exhibit  a  faint  white  ligLt  in 
bursting.  (Helwig,  Gitl.  ,51,  112.)  — Vaponr-bHJbs  {glass  bulbs  fiUeil  witb 
ak'obol,  and  burst  by  heating)  ^'ivc  no  light.  (Heinricli.) 

Airjmmp-fiffhf,  A  g)aa«  cylnicler  bound  fn-er  witb  a  strong  bladder 
and  esliRusted  of  air  appRnrs,  when  the  bladder  breaks  by  the  pfeasnre  of 
t]jc  cxlenial  air.  to  be  lilled  with  a  white  light  which  is  brighter  in  pro- 
portion asthe  Cylinder  was  more  completely  exhausted  of  air.  (Deaaaignes, 
Gill.  4fi,  310;  Meiwieh.)    This  light  ia  tmdoubtcdly  caua&d  by  the 
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pre»8ure  eiorted  on  tlie  exceedingly  rarefieJ  air  of  iLe  cylinalei  and  the 
portion  which  first  euters  hy  that  which  rapidly  followa  it,  Peparcleux 
obeon  ed  light  on  Lha  burstiug  of  !l  glass  bulb  closed  amd  full  of  air  Under 
an  eiliaUBlerl  receiror. 

A  i)-gitn-l it/hi.  When  an  airgun  is  dischnrged,  ligitt  ia  sDnietiinaB  fiMD 
at  tbe  mouth  of  iho  barrel;  nccordin|3;  to  Lcyscr  (Oilb:  8,  340),  only  when 
tba  barrel  is  of  iroiJ,  not  wben  it  is  Uhfld  witb  brjas.  According  to 
Helnfich,  tbe  gun  muat  be  fully  cbar^Jed,  and  even  then  only  the  first  two 
or  three  discbarg;es  are  accoiiipanied  liy  light,  whetlier  the  gun  be  loftdeJ 
with  ball  or  not.  The  light  ia  aino  apparent  when  the  barrel  is  lined 
with  lead,  tLuJ  most  clefirly  when  it  U  uinde  ofglasA;  it  ia  not  prodnccd 
vben  tbe  barrel  is  very  wide,  uitleAS  it  be  partly  divided  by  s,  cleft  ramrud. 
I,eyeer  find  more  particularly  Hart  (Qit.  J.  <>/ iS^.  15,  64),  asacrt  that  light 
ia  not  produced  unleas  tlie  barrel  contains  dust,  or  powdepod  fluor-epar  or 
fiugar  is  put  into  it;  this  n-uuld  eIiow  that  tlio  light  ift  produced  by 
friction.  According'  La  ScLweigger  (Sclnv.  40,  22),  the  devolopmeDt  of 
]ii,'ht  ifi  favoured  by  holding  a  crust  of  quartz-crystals  or  a  ooil  of  vir« 
before  the  mouth  of  the  hiirrel. 

Light  ia  eeeii  iu  the  eudden  deoompusition  of  peroxide  of  hydrogen, 
iodide  of  nitrogen,  cbWide  of  nitrogeOr  und  oxide  of  chlorine;  in  these 
dectompaeitiony,  gaaes  are  suddenly  sot  free  which  probably  produce  light 
by  pn;sding  en  the  tunuuading  air  ov  the  undecuntpused  portion  of  tha 
gfuteoufi  compouad. 

(2.  Lvmtnoua  appeardnas  acC^mpanytTiff  Ory'faUtzrttioti. 

Mmy  salta  in  cryatalliiiing  from  their  aqueous  BoluttoDs,  and  bentoio 
acid  in  posing  from  the  state  of  vapour  into  tbe  cry^Ulliii'^  condition, 
often  exhibit  a,  briitiant,  sparkling  light, — whilet  in  other  instance!,  (b* 
mne-  subatanc^s,  under  circuniatancea  prenfiely  similar,  present  no  appear- 
ance  of  the  kind.  Tbia  tihcnotnenon  prtib»bly  depends  id  every  case  od 
the  jiaijSBgc  of  tho  body  Irani  the  amnrphoue  to  the  cryjit&lli tie  ijtale,  and 
is  precisely  nnalogoua  to  the  luminous  apiJCEi ranee  which  ucoompanies  ths 
crv«t»lliz3tiou  of  arseiiiuus  acid  (p.  IOj),  and  the  phuspboresoenoQ  of  other 
amorpiious  bodies  when  heated  (p.  106). 

Pickol  observed  sparkling  appcfirances  in  all  pai-tA  of  a  veuel  in 
whic^h  suliihale  of  potash  waa  cryatnlliziug;  this  continued  for  an  hour. 
Schonwatd  enw  spaiku  emitted  during  the  evaporntioii  and  cryfftnllixatioil 
O'f  a  fiolution  of  1  part  of  comino»  «tlt  and  2  parte  of  Bulpbatfi  ol  poUuh* 
and  found  thn-t  the  resulting  crvalaU  were  luniintma  when  rubbed.^ 
Schilier  diesolvvd  in  hot  water  a  mixture  of  liulphate  of  foULeli,  ereAoi  pt 
tartiir,  and  a  bniall  quaniiiy  of  eomniun  ^nlt  whti-li  bud  been  fij«ed  at  » 
high  liMiiperature,  and  tillered  lha  Boliition ;  during  tbe  LTyalalUfatiua 
fiai^hea  of  light  coutinued  to  dart  throagh  the  liquid  for  Mtveml  hourCp 
and  the  crystaE^  ttill  .shone  trhcn  tlioy  were  removed  with  a  epatulft 
Mvernl  ilayrf  afte-r.  Aeconling  to  Giohert,  sulpbaie  t>(  potash  doe*  not 
emit  light  io  cryatulliziiig.  when  It  contains  ^idjibate  of  injignesla  mixed 
witli  it ;  the  Liglil  iiB  iiret  seou  whoii  tho  lifpiid  beronieH  muderalely  coa- 
Cfutrnted  and  lieginfl  to  ery^tallize  by  cooling;  during  slow  ovngiorntiDB 
U(i  light  ia  emiltcd.  Thu  lurger  tbe  «urfac«  of  the  veKtiel,  tlie  brighter  ia 
tbe  light  i  it  si^ema  also  to  be  BCri3]ij,'tiieued  by  prfviiMU  exposure  uf  tba 
liquid  io  tb"  auEi.  Th«  cryataU  aliiiK<  with  ilio  grvnluat  brightnew  after 
tlie  liquid  bou  Iwen  pour^jil  <>|f ;  hut  they  cty^aH!  t«  thine  when  dried  upou 
blutting-|>aj>er. — C'ryslnU  which  had  wpWalcd  frem  a  solution  of  HulplwM 
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of  cobalt  taiA  potaali  at  —  lfi°  G.  eroittad  sparks  for  talf  ivn  hour  aft^r  tlic 
liquid  had  beeu  poured  off.  (Herrmann.) — A  anlution  of  eevoral  poimde 
of  siiEphSitQ  of  potasb  crystal]iziuga.t  +  SO^  C.  emittod  light  for  two  hours ; 
pieC'es  of  tiii3  cryatallino  crust  oven  cautiiiued  to  ahine  when  taken  into 
the  hand  aiitl  their  liglit  grew  etronper  when  they  were  ruhljed.  VVhon  a 
ylau  rod  was  moved  over  the  cryHtaliine  cniatat  thn  bottom  of  tlie  liquid, 
lt«  track  was  marked  by  a  luminous  line.  When  the  game  saline  mass 
wa^  rediijtfolved  by  heating  thu  Biipernatant  litjnid  and  a^iiu  cryi^tallisad 
by  cooling,  it  was  no  longer  phoapliorescent.  (Berzelina  and  Wohler.) 
On  evapurating  a  solution  of  biBulpliate  of  potash  in  a  porcelain  h&ain, 
the  crystals  of  neutral  sulphate  of  nutaeh  which  formed,  emitted  a  strung 
light  ivr  bulf  an  hour  and  continued  to  labine  bysq  when  taken  out  of  the 
liquid;  tlie  latter  also  exhibited  a  sparkling  lightj  eepecially  when  acirred. 
(PWiscLl.) — A  eolutiun  of  acid  eulphate  of  potaab,  neutralized  with  car- 
bonate of  potash,  filtered,  evnporated  to  the  cryetallijiing  point  and  divided 
among  a.  number  of  wooden  ^nd  stons-war©  crystallizing  vessel*,  exhibited 
towa.t<ia  erening^  on  the  surfaces  of  all  the  vesiield  a  succession  of  sparks, 
th>e  cmtsaiod  of  which  continued  with  a  poculiar  noiso  fnr  several  hourji, 
but  ce^cd  when  the  liquid  bad  bccO'iHtj  t^uito  cold  j  the  hiotbor  lii|ULd 
eithibited  no  itioro  light  wbeti  further  6V[tpot«.ted.  (Sagtr,  £r.  Arch.  36, 
274.) 

Crystallized  neutral  eulpbate  of  potash  disaolved  in  water  and  brought 
to  tbi3  cryiitalliziug  point  by  craporatinn  never  emits  light :  neittcr  doea 
fused  sulphate  of  potih^b  similarly  treated, — for  in  oooling  from  a  state  of 
fusion  it  acquires  a  crv^talline  structure.  But  sulphate  of  potash  fused 
with  8ul])bate  of  sodii  in  the  proportion  of  equal  atoma  (in  the  proportion 
of  1 1  partK  :  !)  parta)  yields,  on  eooling,  an  aniorphuusi  6aaured,  crumbling 
ma^  of  vitreous  fraeture,  a  eaturated  solution  of  which  jq  boiling  water 
prepared  immediately  after  cooUngj  then  GItcreil  hot  and  slowly  cooled, 
emits  light.  The  formation  of  every  cryetaL  ia  accompanied  by  a  bright 
epark.  For  the  tirul  few  hours,  the  crystals  contiuue  to  abine  when  taken 
uut  gf  tiie  liquid  and  rublned,  but  not  go  strougly  ae  during  their  forma- 
tion. They  have  the  form  of  siilphaLe  of  potaiih,  but  contain  about  one 
atom  of  dry  eulphiite  of  aoda  mised  with  every  2  atoms  of  s^nlpbate  of 

Eotash.  When  redissolved  in  water,  they  emit  no  light  on  cryttalliitng. 
r  the  mass  is  dibsolred  in  water  not  quite  boiling,  and  the  solution  alowly 
evaporated  to  dryness,  no  light  is  emitted,  and  the  two  salte  cryetailiie 
»e[«rately.  If  the  melted  mass  ia  exposed  to  the  air  for  24  hours  before 
it  19  dif^olved  iu  water,  but  few  luminous  cryaljila  Rrfl  seeu;  and  if  it  lia^ 
been  left  undis^oSved  for  soveml  days,  in  which  case  It  uppear^  to  liecoine 
Crystalline  and  ^parnte  into  its  two  component  E-alts,  none  at  all.  A 
fused  mixture  of  3  atoni«  of  sulphate  of  potash  aud  2  atoms  of  sulphate 
of  aoda  similarly  treated  yields  loss  ligbl.  When  crystailiied  aulpKato  of 
fiota«h  and  crystallized  sulphate  of  Boilii  Arc  bulleil  together  in  water,  a 
very  faint  light  sonietinies  ohservtd  ilurinj  the  aubar-qucut  cryatalliea- 
tinn;  a  portion  of  amorphous  double  euU  appears  therefore  to  be  pro- 
duced by  tiie  boiling.' — A  surer  method  of  producing  light,  and  of  eon. 
Biderable  brilliancy,  ia  to  fuBe  together  '2  parts  of  sulphate  of  potanh  with 
1  part  of  conitjion  salt,  and  treat  the  fused  mass  as  abuve.  The  crystals 
tibtained  are  the  abope-Tnontioued  compound  of  sulphate  of  potash  and 
sulphate  of  soda,  free  from  common  salt.  A  strong  light  is  alao  obtained 
by  treating  in  a  similar  manner  a  mixture  of  8  part.'j  of  sulphate  of 
potash  with  3  parts  of  di'y  carbonate  of  oudo.    (Ii  the  fused  mass  bo 


extracted  with  a  mixturo  of  alcrfi^I  «nJ  acetlo  aoiil  m  orJer  to  remove 
carlxrnut?  of  potash,  tlio  doubly  sulphate  of  poia:s1i  aatl  soda  remains  in 
the  crystaliiuc  stale,  o-nd  tberefnre  emits  no  ligEil  when  dissolved  and 
crystallized,)  Chloride  of  potassium  fused  with  snipliate  of  eoda  likewise 
exilihits  tlie  limiinoiiB  iippeairance.  A  brijt:ht  light  is  alan  enaitt^^d  by 
neutral  tlininnato  of  potash  fused  'with  eulpbate  uf  soda,  wli^reby  crystala 
are  formed,  coiiaifeting  mainly  of  the  douhtc  sulphate  of  potash  and  eoda 
>ritb  only  3  per  ecnt.  of  chromic  add  :  uiorenrer,  by  2  parts  of  bichro- 
matotif  putash  fused  with  1  part  of  ilry  ca.rb<)nate  of  godn,,^ — tn  trhicli  case 
crystals  are  profliiceJ  having  the  form  of  sulphate  of  potash  and  cimtain- 
Jng  3  atoms  of  cbromaie  of  potnah  combined  with  I  atnra  of  rbromate  of 
soda;  find  finally  by  a  mixture  of  ]  atom  of  selenjato  of  potash  n-ith  1 
atom  of  BulpKate  of  soda,  which  producer  crystals  having  nho  the  form 
of  GiilphiLte  of  potash,  and  containing  only  5  per  ci?Tit.  of  selenic  acid, 
together  with  potash,  aoda,  and  sulphuric  iicid.    (H.  Kose.) 

A  eaturated  solution  of  fluoride  of  soJiuiu  very  nlowly  ovnjiornt'Pd 
emitted  ft  great  number  of  bright  sparks  of  a  jialc  yellow  colour,  which 
proceeded  boirictiitica  from  one  somi:;timcs  from  aiiotlicr  pnrt  of  the 
cryistals  as  they  formed,  incireascl  whoa  the  liciiiid  vr&s  disturbed,  and  did 
out  ceuao  till  it  was.  completely  evaporatei.1.  On  repeating  the  ciperi- 
m^nt  with  tbfi  aamc  salt  and  the  same  vessel,  nothing  furthi>r  wa^  soon 
(Berzelius). — Likewise  observed  by  H.  Rose.  52,  3-8!).) 

A  eoluliuu  njf  nitrate  of  slmntift,  whith  had  been  for  a  long  time 
exposed  to  sir  and  light,  emitted  many  aparka  when  evaporated  and 
cry»tall]£ed  in  a  stoneware  vessel;  ttie^sQ  sparks  ebuweil  theiiii9LdveB  pat-- 
ticiil^ii'Iy  when  the  eryatals  Bei-o  tonclicd  with  a  glass  rod  or  motallio 
wire,  and  aUo  wbeti  the  vessel  wn*  shalfoB.  On  redissolving  and  recrys- 
lallizing  the  «alt,  this  appearance  wau  tiot  reproduced,  though  llie  mu(I« 
of  experimenting  wa5  varied  in  every  iifiseibte  wav.  (Pfalf.)  Likewit4  , 
observed  by  !?tiebpn.    {Pfiann.  C'mival  HI.  isac,  4oo.) 

A  solutimi  of  8  parts  of  aretate  of  potash  evaporated  till  it  teased  to 
swell  up,  aud  fell  to  pieces,  shone  brightly,  when  left  over  the  fire,  ta  if 
it  wenj  red  hot.    (Diichnor.)    (Slow  combustion  I) 

On  subliming  benzuiu  acid  with  ^  of  ita.  weight  of  charcoal  powder  on 
a  plate  covered  with  a  glass  receiver  and  strongly  heated,  Biichner  ob- 
served numbcrlces  aparku  moving  up  and  down  aa  long  a&  the  sublitnalioD 
continued. 

Addendum  the  remarks  on  tfie  inemidesctnat  or'  bodies  (p.  107): 
A  body  does  nut  uhvays  incrcaao  in  donaity  by  incaiidesc^'nee,  Cnino* 
tnntalile,  whieb  cxhtbitis  vivid  incaadescGDce,  has  a  ep.  gr.  of  5617 
before  iiicandooceDce  and  C^^4>i^  after, — Incandescencfl  takes  place  witbottt 
l»erccptible  development  of  htat :  at  all  events,  no  rise  of  temperature 
can  be  [>eTfeived  in  the  case  of  oxide  of  chromium,  m  which  thy  iueu.ii- 
dc^eence  is  very  bright.  (The  doveDopnient  of  light  observptl  jii  the 
crytlal ligation  of  arAoiiioua  acid  from  its  eolutinn  in  hydritchloric  neid 
is  likewise  iinattended  with  disengagement  of  heal.)  WhlUt  according 
to  lbi»,  many  budiea  in  parsing  from  the  amorphous  to  the  cryGtalliaa 
etate  merely  develop  light,  otborti  on  the  rontrary  develop  heBt,  e. 
grap^-Bugiu  (p.  106).     H.  Kose,  J'ogff.  52,  5!i9,) 
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St-VONVMEs.    Calorit,  Ckaleur,  Warmestof,  ir«'rwinna(me. 

Hent  or  Caloric  ia  tliat  aubfitaiicfl  wIiosb  entrance  intn  o^ur  l>odiea  ta 
atipposed  to  o>TcasioD  tlie  eensation  of  wamith  or  Iteat,  and  its  cgreee  the 
eensation  of  cold. 

Phjtical  ProptHies. 

1.  It  IB  Invisshlfl. 

2.  Without  weight. — Oil  of  vitriol  and  water  havo  tUe  same  weiKlit 
before  mixture  and  t-ooling  ha  aftenvards.  The  weighing  of  cold  and 
heated  bal]«  in  the  air  proves  nothing. 

■3.  It  is  very  elaatin,  and  ahowa  great  ten clency  to  expand. — Two  enail^ 
rnoreabfe  bodies,  heated  in  %*nciio,  repel  nnc  anfttlier, — a  proof  that  hwit  w 
in  its  own  nature  repnlnive.  (Fre-iiel,  Ann.  C/iim.  Phi/s.  2f>,  !>T,  and  107; 
alao  Poffij.  4,  S.'iS.) — Tlie  coloured  riops  formed  Itetween  a  lens  and  n  fist 
plalo  of  plaes  vary  in  tint  wlien  bentcil,  in  siidi  a  manner  as  to  phow  an 
increaee  nf  ilistnntc  bf  twet^n  tho  lena  and  plate.  (Baden  Powell) — The 
fino  soft  pnwdfir  of  silica  eepamteti  acids  fr^ni  solutions  of  that  eub- 
fltanre,  or  nia;;nesia  in  »  siiiii]»r  pouditloD  li(^at«d  to  redne^i'^  in  a  platinum 
dish  ovet  a  spirit  Inmp,  appears  to  swim  in  th«dis[i,  b&como.^  rery  mobile, 
and  plari'H  Itself  horixoci tally  vrben  tlic  dish  is  tnmiQil  od  on«  aide— ah  elTcct 
whieh  ]»roi*ecila  from  ibe  reptdaivc  fnrce  of  heat  (or  from  the  esca|>e  of 
heated  air.'  Gm.l)    (Ad^bims,  Phtl.  Mtirf.  J.  18,  415.) 

4.  Tbron^li  a  vaeimiiiL.  tbrnagli  elastic  tliiid^,  and  tlirongh  manr  liiimil 
nr.d  solid  bodies,  it  spreajla  itself  out  from  its  origin  In  straight  limes,  aa 
Hadiant  Heat,  with  a  great  and  hitherto  unraeascircd  Telocity.    Its  in- 

'  Tidt  umiAuid  dtate  af  a  |)utrrTuleiit  mbittnee  !■  well  teen  when  biurbonatx  of 
■odi  il  hrmtihl  in  a  Itrije  inTudtilc  fur  the  {''^riiiXstr  of  >^oai»tm{;  it  intA  carbaiinle;  alM 
in  th-c  conTcnioi!  nf  ntnlat^  af  rcnum  into  tlie  |wroxi('c  of  iIiilI  mrlnl  by  i);niiim.  [| 
thrm  cw  the  rftrc%  it  eviij^ntly  due  to  the  «CBp«  of  tiwteil  giKf :  the  line  pnrticJn  of  ' 
tb«  powder  jttMl  in  tbc  itmoipherc  fann«d  iround  tben  by  tbe  guM  before  ihcj  iinallf ' 
a^e.  [W.J 
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tensity  varies  mvertwly  as  tbe  square  of  the  distaticfi  from  tliB  raJiant 
point.— -Rajs  of  hent  tnay,  like  rays  of  hghl,  he  coDcmilmt^d  by  meCiiJiic 
mirrors,  but  not  by  glae^  mirruFS  ur  lenses,  by  winch  they  are  almost 
wholly  abaorlied.  If  two  concave  metallic  miiTors  be  placed  epposite  one 
another  at  a  distnnce  of  77  feet,  fioil  a  Lot  boily  placerl  iu  the  focus  of  one 
of  them,  a  thermometer  in  the  focua  of  the  otlier  risca  iiiinio<:liii.tely;  tinder 
ia  also  act  on  Rk.  Ice  placRtI  in  ibe  foeuR  of  ma  of  tlic  mirrors  protluccff 
inatunt  cooling  in  the  focus  of  the  other;  a  thermometer  sur^pciidcd  mid- 
wtLj  between  llio  two  mirrors  is  not  eensibly  affected.  (Pictot,  ffi76.  13^ 

A  body  placed  m  vneuo  or  [n  the  air,  find  diflcriH^  in  tempenitiire 
from  tbo  surrounding  me<3iiiin,  nuiiates  iti<  excess  of  heat  or  uhaorbu  the 
quantiLy  in  which  it  is  deficient,  with  varionn  degrees  of  fiicilitv  ttccording 
to  the  na.ture  of  its  eurface;  it  has  therefore  a  specilic  limliadii^  nnd  Ab- 
Borbiriff  poivet;  to  which  are  opposed  the  Itetainintf  and  Hnjincting  p>ymrs, 
— ^SO  that  the  latter  iiicreaso  in  the  same  ratio  as  the  formur  diniiuiab, 
(tad  conversely.  If  the  r.idiHttiig  power  of  a  enrfaco  covered  with  lamp- 
black be  aaaumed  =  100,  that  of  n,  siirfiuje  covered  with  resin  will  ije  96, 
with  sealing-wax  95,  with  crown-glass  [)0,  with  Indtiiu  ink  PS,  with  ice 
S5y  with  isinglass  and  red  lead  80,  with  graphite  Tfl,  with  polished  leiwl 
1&,  with  polished  iron  15j  w-jth  polished  tin,  copper,  and  gold  12.  (Leslie.) 
— Btnek  wool  has  greater  mdiattng  and  alisorhing  power  than  green; 
tlien  ftjilows  red,  then  yellow,  then  while.  (Star!;,  .V.  Edivh.  I'kii.  J.  17, 
75);  on  the  contrary:  (Baden  Powell,  ib,  17,  22H.) — lioughneds  (>{  aur- 
face  does  not  incrcai^e  or  diminisli  tLo  rjuliiitiiig  and  absorbing  ]«)wer;  in 
the  i»ige  of  rolled  or  hammered  metaU,  it  ia  inerea^ed  by  scrfttchio^'  tlie 
sarfacc,  because  the  denser  surface  ia  thereby  renioveiij  but  with  ciwt 
Iate«  it  is  diminished  by  the  same  treatraent,  because  the  pressure  caused 
y  scratcbiftg  iucreaaes  the  density  in  particular  places.  (Mclloni.) 

It  \a  commonly  supposed  that  a  body  placed  in  the  air  or  in  an  empJy 
space  is  eouatftntly  radiating  a  portion  of  its  heat,  whatever  tnny  be  tho 
temperature  of  the  surroanding  bodies;  but  since  cheac  bodies  radinle  heat 
in  the  Bamo  manner,  the  first -mentioned  body  receivcB  heat  from  them  at 
tbe  aamo  time  that  it  gives  out  hwit  to  theni.  If  tho  aunounding  bodies 
have  the  same  temperatiirc  with  the  first,  tho  (|uautiticn  of  heat  emitted 
and  absorbed  will  be  equal,  and  the  temperature  of  the  first  body  will 
reniain  the  sams;  if  tho  eurnmnding  bodies  are  colder,  it  will  radiate 
more  than  it  rt;ceive&  and  will  cool  down ;  if  they  are  hotter,  its  tempem- 
ture  will  rise- — ^It  is,  however,  eupertluoujt  to  suppose  eueli  an  interchange 
of  heat  to  talte  place.  For  when  two  boiliee  separated  by  air  or  an  empty 
iipace  are  equally  hot,  tho  elasticity  of  the  beat  is  the  eame  in  both,  cacu 
will  hold  the  other  in  check,  aud  the  heat  in  both  bodies  will  remain  at 
perfect  rest:  when,  on  the  contrary,  one  body  la  colder  than  the  other^ 
the  tension  of  tlie  heat  in  tho  former  will  be  leas  timii  in  the  latter;  aud  ia 
consequenee  of  thia  difference  of  ten.'^ion,  a  quantity  of  heat  will  rodiato 
from  the  hotter  to  the  colder  body  until  the  efpiilibnuni  is  established. 

DiAercnce  of  rcfmngibility  exists  among  calorific  as  well  as  among 
luminous  rays;  the  hotter  the  eource  of  heat  (e.  j?.  the  s;un,  an  Argand 
lamp,  white-hot  platinum),  the  greater  i&  tho  number  of  the  more  refrangible 
rays  emitted  from  it ;  tho  lower  the  temijersture  of  the  source  (e.  g.  metal 
heated  bnl  not  to  redness,  vessels  filled  with  boiliiijE-  water),  the  greater 
ia  tbe  number  of  tho  less  rerrangible  mya  which  it  enuta.  Krery  source  of 
heat,  however,  sends  forth  a  mixture  o£  calorific  lAVA  of  tlie  most  various 


degrees  of  refrang'ibility,  the  praportloa  only  varyiug  affljocdiog  to  thv 
nature  of  ihe  aourco.  For  these  ditfcretit  raya  of  haul  Lodies  exGiljit  dif- 
ferent abaorbiag  powers.  Sdow,  wliu&e  wbiteuess  i^howej  that  it  refl«cla 
the  variously  refmngiblo  raya  of  light  in  (Hjual  proportion,  absorbs  cfaieHjF 
the  less  refrangible  niya  of  boat  reflects  the  more  refrangible.  Hence 
]t  dues  not  melt  bo  quickly  is  direct  auii^jiiiDe  as  in  tho  neighbourhood  of 
Bteme  of  trocs  and  other  mliJ  bcrdic^,  which,  when  warincJ  by  the  suu'a 
rays  emit  calorific  raya  of  less  refmagibility, — not  so  tjinckly  when  fre«lT 
exposed  to  an  Argaad  iamp,  as  under  a  covering  of  black  )>&y>er  which 
does  not  touch  thi;  snow;  oot  so  quickly  by  the  rays  of  Argand  \mbip 
iis  by  those  from  it  piece  of  iqetal  heated  tO'  400°,  when  both  are  plsoed  ftt 
AUtih  iL  Jistiiucc  that  thaii"  heating  powers  are  eqUal,  &c.  (Mellom.)  This 
aeenifi  to  show  tliat  the  Biuro  rofrabgiblt)  rays  of  heat,  when  they  uo 
abeorbcJ  by  bodies  and  afterward*  emitted  from  them,  are  converted  into 
rays  of  leisa  rcfrangibility.  Lanip-blii«k,  on  the  Oither  Imud,  appears 
cbledy  to  absorb  tho  more  rei'ra:n^ib[e  mys. 

A  body  coola  in  vacuo  the  more  quickly :  1.  tlie  i^roator  tho  radiating 
power  of  ilu  Burfoce;  '2.  the  greater  tho  extent  of  its  surface;  3.  the 
smaller  its  miissj  4.  the  Less  its  apeciSc  beat;  5.  tho  h)^''her  the  absolute 
temperatures  of  tho  body  and  the  Eurrouadlag  bodies  aud  niedium^  with 
eqiuil  dilFereuco  of  temperature  (thuu  a  thermunieter  heated  to  100°  ouofs 
lesN  i|uickJy  in  an  empty  space  at  tho  tempomture  of  0^  than  it  would  if 
hanted  to  ]  80°  and  placed  iu  an  empty  space  of  the  temperature  of  S0°). 
— Dulongand  Petit, 

Dufay,  M&ycock,  and  Prevost  diisccvered,  eome  yoafs  ago,  that  of  tbt 
raya  of  heat  which  fall  upon  a  thtu  plate  of  glass  a  smult  portion  us 
tmnsmitted;  Delaroohe  aho  showed  that  the  uumbor  of  rayd  tranamittad 
increaeea  a*  the  temperature  of  the  source  of  heat  approacheiu  tu  thibt  of 
ignition,  and  that  rays  which  have  passed  through  one  plate  of  ghuo 
eulTcr  much  less  diiiuuution  by  transmission  through  a  eecond;  Brando 
likewise  saw  (Ann.  Ckim.  Phjt,  19,  201)  a  therm uineter  place*!  in  iha 
focuH  of  a.  plano-convex  lena  held  towards  tho  Hiiino  of  buruiug  olefiaat 
giA  rise  about  2  j°  C,  whilat  tho  lens  was  not  sensibly  healwl.  Tu  thew 
obaervatioDs  have  since  bet^n  added  the  following  impurlant  disfcovmcs  of 
Mfllloni,  who,  in  his  experiments  matte  uso  of  ihu  thernio-uiaUiplier,  an 
iostriiaient  depending  upon  thermo-electric  actiou  and  highly  seoeiblo 
oven  lo  the  ^nialUdt  vit.riation«  of  temperature.  All  transparent  euU* 
atanc««j  oven  thutse  which  are  so  dark-L'olourcd  as  to  appear  alnioH 
opaque,  like  bincic  glaas,  crude  pyi'oligneuua  mid,  and  iMil^aiu  of  Peru, 
allow  rays  of  heat  to  thruuirh  them,  i\  ioiJt;b  in  difliirent  qUiLnlitios 

and  of  different  q;naliticB:  with  rcfcPfOce  to  this  property  such  bodIc»  are 
mid  to  be  diathermanout.  Common  salt  tmtisniits  atl  mys  of  lieat  eqitatly 
well;  moat  diathermanous  bodies  chielly  transmit  Uie  more  refrangible 
and  absorb  the  less  refrangible  rays  (common  salt  covered  with  lamp- 
black is  the  only  subatauoe  chiefly  pervious  to  tho  \<m  refrangible  rays). 
Of  100  ra^  of  boat  proceeding  from  an  ArganJ  lamp  and  falling  an 
plates  of  tue  following  Eubstaneea,  O  OOS  metre  in  tkicknoes,  tho  qaanti- 
transmitted  are  ta  follows:  Transpnrent  roek-«alt  923,  fiint-glaM 
87,  snlpbiiret  of  oarboo  and  proto-chlorido  of  sulphur  63,  double  refnwt- 
ihg  spar  aad  ruck  crystaJ  62,  mioky  topaz  j7,  Brasiliau  topaz  54,  tT»iw> 
went  Icnd-spar  crowu>glns9  49,  whito  choicedony  35,  tmosluomt 
Bwry  ejJiir  3."),  oil  of  turpentine  31.  fill  oil  30,  transparent  oqua-ni^rine 
SB,  tcmiialoceat  borax  '19,  green  Braiiliiui  tourmalin  27,  brown  b*l«MD  «| 
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copaiba  26^  traaslucent  atlularia.  24,  ether  21,  traDsparent  gyjmum  20, 
oil  of  vitriol  17,  nitric  acid,  akoiiol  and  citric  acid  15,  transpHrent  ulum 
12,  wiitor  II,  Tlie  HQa-traDfinitteJ  portion  of  tUe  calurilic  raj's  ib  partly 
reflectcil,  partlyabaorbed.  Witli  rock-salt  reflection  alouo  takes  place;  for 
B  plate  of  this  substance,  0  048  metre  thick,  transmiU  ms  many  rays  as  ono 
which  in  0  002  metre  in  tluckncsa,— whilst  two  tbin  plates  of  rock-Wt  la-id 
one  upon  tbc  other-  tnLiigiiiiL  Ifsa  light  on  account  of  tho  double  reflection. 
Hence,  of  100  rays  of  heat  fitUiiig  per|>eti<liculttrlj  u[>on  rock-salt,  92-3  nre 
transtuitl^it  and  t'T  reflected:  wticn  the  inciiienco  is  oblique,  the  ']uaEitity 
reflected  is  somewlml  greater.  With  other  diatEiermanous  bodies  iil:*o  tho 
quantity  of  heat  reflected  ainounta  to  7'7  per  cent  (iithertiia,uous  l>o(liea 
rcllcet  a  j^rcat  deal  more,  a  17.,  hmss  times  aa  much).  But  theso 
diatlieriHanoua  bodiea  likowiso  absorh  varioua  quantities  of  tho  less  refran- 
gible heat-rayH  which  full  upau  them,  the  quantity  absorbed  being  in- 
creMing  with  the  tbickness  of  their  mass.  Double  rcfracLiug  spat  0*002 
met.  thick  transmite  G2  per  cent,  of  beat,  and  itt  tho  thii^kncEa  of  O'0iJ2m. 
only  ■'i3  p.  e  ;  ]ilate-glaji9  of  the  tliicknesa  of  0  002u].  trausDiits  619 
p.  c;  of  O'004iti.  .>7'6,  a.ad  of  Q'QOjilm.  55  8  p^  C. — By  means  of  a  lena 
of  rock-salt,  rays  of  heat  may  b»  brought  to  a  focus, — or  if  thoy  proceed 
front  the  fwrus  thoy  may  ho  refracted  in  parallel  lines  just  as  well  aa  rays 
of  tiglit  by  &.  glas^  len^;  the  fooul  dii^tauce  for  heat  however  ta  soitiewbat 
gnMer  tban  that  for  light,  hocauso  the  calorific  raya  are  Ic&a  strongly  re- 
fracted. Rock-ealt  transmits  niya  of  heat  of  all  degrees  of  refrangibility, 
juat  aa  Tbito  glass  transmits  all  tho  luTiiiiious  raya.  But  most  other  dia- 
thormanous  bodies  give  pnes-age  chiefly  to  the  more  refmngible  rayK  of 
hvxit,  as  violet  gla'fs  transmit.^  the  more  refrangible  rays  of  light,  liock- 
■nlt  blackened  with  tanip-black.  whidi  trauBinits  in  preference  the  leas 
refmngible  raya.  is  to  a  certain  eitont  analogous  to  red  g^lass  in  relation 
to  light.  Glnsts  ooluured  b[ui.~b  greeu  •vHh  oxide  of  copper  appear?  liko- 
vise  to  iiheorb  the  more  refrungiblo  rays  of  heat.  AVhen  the  light  of  the 
pun  is  made  to  pass,  Brst  tlirnugh  water  w  hich  absorbs  tho  Io^b  reft-un^ble, 
then  throngli  glass  coloured  with  ojido  of  copl>er  which  takes  Up  tho 
more  refrangible  raya  of  heat,  it  is  totally  deprived  of  ita  beating  power. 
(Melloni.) 

When  tho  light  of  the  sun  is  tmnsmitted  through  a  priaiji  of  crown- 
glass  which  throwa  ilio  nmxiiimiii  of  heat  into  the  red,  and  the  dark  part 
of  the  hcat-Bpectnira  situated  beyond  tho  red  is  divided  into  sis  Jiouea,  tho 
outermost  of  which  shows  tho  same  temperature  us  the  violet,  tho  next 
tlio  aame  aa  the  indigo,  ftc  ,  it  is  found  on  intorpusiiig  a  film  of  water, 
O'OOt  fuolre  id  thicktie.s.s  (or  a  plate  of  gypsum  or  alum, — gla«9  acts  Ipsa 
■trongly),  between  the  prism  and  the  eipeetrum,  that  the  heating  power 
dimiDishes  more  and  more  as  tEio  distance  from,  the  violet  increases. 
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*TVater  in  fact  abeorba  the  calorific  rnye  tho  more  completely,  tho  loss  re- 
frangililo  ihvy  arc,  whilst  it  triins^niita  completely  tho  most  refrangible  rays 
at  the  viulct  estremity.  When  the  filui  of  water  (a  0  3  moLre  thick,  tho 
tnaximuui  of  heat  i»  foaod.  at  the  couuDeacgment  of  UiQ  gr«oB,  and  the  heat 
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ep?ctrum  fixtonde  but  n  little  way  beyon*!  the  red  into  tbe  daik  epsce. — 
This  eipliiiiis  SecWk's  <3iscoi'ery  (page  165),  yiz^  that  the  nwximuw  of 
heat  i'l  ('nwd  in  ditTcretit  parts  of  ihc  xpectniBi  arMrdin^  to  the  nalun?  of 
tic  ]iri(ini.  TliP  Fnialler  tho  number  »f  calorific  rays  wtiSch  any  stib&laiici? 
trHnmriita  (p.  21.'»),  whilet  it  retains  tEie  less  refrangible  rays,  the  more 
nearly  dws  tlw  luaxjinuui  of  iiCHt  in  IIjo  spectrara  formed  by  a  ptista 
wade  of  that  subetancf;  apprwich  ti-  the  violet;  whence,  according  lo 
Seebecl;,  a  prism  of  water  places  it  in  tUe  yellow,  of  oil  of  vitriol!  in  the 
orangt;,  of  trown-gliLss  in  tbe  red,  of  fliiit-g-lass  bcyend  the  pe.1;  aad 
witii  a  prism  of  rtmk  salt,  wliich  coinplefcly  tmnBmits  even  tlie  leatt  rr- 
frnnjriblo  rav^T  ibe  niaxtriiuni  of  beat  is  f^ititfttcil,  according  to  Mclloiii.  in 
thy  dark  apace,  and  as  far  removed  from  tliC  red  09  the  red  itself  is  f«»iu 
the  violet.  \V'illi  some  glass  prianis,  tlie  maxiiiHiin  of  heal  approarhea 
morr  ueariy  t-i  the  violet,  iu  proportion  m  thi?  ray  of  solar  light  panos 
throy^jh  a  thifltpr  part  of  the  prism, — because,  iii  tliia  longer  pMsa|[e 
throTij;]!  the  ghisity  ii  prenter  number  of  the  less  refrangible  heat-niys  are 
TotEiined.  {Meltoni.) 

if  liirlit  and  bent  are  recardcd  as  identieal  iu  fctibstance,  it  may  b* 
snppot^ed  tliat  the  raye  of  bent  appnjncb  more  nearly  to  tboBo  of  light  in 
propi>rtioTi  as  their  motitm  is  inorq  rapid  (which  aUo  implice  iiicrenMd 
refrangihility).  The  hotter  the  source  of  lieat,  the  greater  is  the  niiiitber 
of  the  more' rapidly  moiing  calorific  rays  emitted  from  it;  and  iheso  ikim 
without  «:cn9ible  absorpliou.  through  ^}-Jiss  and  other  diatherraabous  bMliaa, 
and  then  alwu  throuiih  several,  whilst  the  more  slowly  niovinff  heat-raya 
are  absorbed.  (Ritchie.) 

IT  Tbo  subject  of  Jtadiant  llrat  baa  lately  been  further  inrcstipiteil 
by  Kuoblauch.  "T^O,  205  and  337;  71,  1:  abstr,  Ann.  C'ficm, 

rhartrt.Ti,  193.)     The  priucipal  i«siilt«  obtained  by  tlus  philosopher  Br4 

04  follows. 

1.  The  quantity  of  radiant  hfai  transmttttd  throtijK  dlafherwainotitfi^ 
hodiei  not  (as  former  experiments  seemed  to  show)  diitclly  praportionat 
to  t/ie  trmperattire  of  the  Sonrie,  but  dfpcttdt  outy  OH  tkt  count  it  lit  ion  nf  tke 
diathfititamtii  lady, — mcK  bodi/  being  permrattd  hif  e^rlain  cahri^  riyi 
more  readily  tfitin  oiliem,  wfietker  IhoM  rajfs  are  emitted  trt  a  Aiffh^  or 
at  a  hiPci'  teviprr'alur^. — Thu3  when  rays  of  heat  frtiin  ineandeaccDl  pla> 
tinum,  the  flame  of  alcohol,  <jf  aa  arpiand  lamp,  and  ni  hydrogen  i;a», 
wcro  made  t"  prisH  thrnii^'b  colourless  jrlass  and  alum,  aivd  then  to  fall  on 
a  tliormo-multiplier,  the  difitauce  of  whieti  was  m  ailjii^ited  as  always  to 
(five  a  deflection  of  20"  by  direct  rndiation  when  tbe  diatlicrmanoiu  bodiea 
were  removed, — the  foUowinj(  reEuU»  wore  obtaiaed: 
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Suarcei  of  Mul. 


Imtaadeirenl  plnlinum 

Flame  of  alcohol  

ArK«n4  lamp  

HydragM  g«a  


TJirrrt 


ZD' 
20 

2I> 


Ciilnurlru  i^laM 


It 
13 

13 


Alum 


7S0 
T-75 


Throapi'h  rliumbiihtHlrHl  talc-mic»  {Kali-und  mft^netlii-ffUmmer),  the  beni 
from  thi9  flaniL>  of  bydro^^t-o  pnnNcs  less  easily  tlinn  that  from  either  of  tb 
other  three  woHrees.  — By  ex)»eriment«  miulo  wilh  ii  cublral  veucl  ooo* 
taiuing  hot  water,  aUo.with  a  cylinder  of  uutiiiuod  Irau  heated  ovor 
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Argand  lamp,  and  a  spiral  of  platimini  wire  heated  to  varioue  degrees  of 
IncandeBceiiBe,  it  was  likewise  found  tliat  when  the  heat  emitted  from 
one  and  tlie  same  body  at  Tarioue  lempyraturcs  la  niade  to  pass  through 
different  diatiiernianona  hodies,  the  quiwitity  of  beat  tranainitted  is  not 
proportional  to  thn  temperature  of  the  eource,  hqt  depends  upon  the 
uature  uf  tlie  diatliic>rniant)us  iiicdin.. 

2.  With  regard  tn  the  heating'  of  bodies  hy  radiationi,  Knoblauch 
ehowe  tbat:  T/ie  heating  eject  produf^d,  when  tht  r<iJiatf4  heat  whith 
reachft  tke  loditv  U  of  rjiven  inteimtij,  m  tattiUi/  indefi^itlmt  of  the  tem^ 
jm-aturt  of  the  foures,  nnd  determined  only  bi/  ifte  nature  of  the  ahiorb- 
ini/  imdieg,  vhkh  rccelte  cerla'm  ratjg  more  readUi/  than  oMrr*.— Thus 
>rheti  tlie  lienl  /nun  an  Argand  lamp  and  a  metal  oylindor  Leated  to 
80''  R.  Wfts  made  tf>  fall  on  a  plate  of  metal  covcTcd  with  lanip-blaok  oa 
the  side  turned  towiir-U  the  tlierctio-pilo,  but  having  iLa  other  side  covered, 
in  one  case  with  eariniine,  in  the  other  with  hlack  papor,  the  following 
rosulla  wero  ubtacned: 


Sou  ret  A  of  Heat. 

Direct 
Rudtalioiii 

Inter 

r 

Carinm^. 

1 

BlBrk  Paper. 

35" 
31) 

■Ah 

50 

9-50" 

13:5 

10  87 

10-75' 
15-25 
1012 
14-00 

To  detonnine  the  manner  in  which  the  heating  of  bodiea  by  radiittton 

NLO  aSected  by  tinoif  thickness,  experiments  wore  Dia<:le  witli  a  metailio 
plate  covered  with  layera  of  varnish^  &c.,  of  Tarious  thickncBses.  The 
tollowiD^  table  exhihim  tho  results. 


6«irrM 

of 
Heat. 

-0 

Si 

% 

Metallic  Plalc. 

CoTered  with 

LajEn  of  Varoish, 

Lajera  of  Blmclc  Lac. 

Lajeri  of 
White  Irfdi. 

I 

z 

4 

S 

tliick 

thicker 

UiirkML 

thin 

rhk'k 

■n  d  luu  ji  . . 

6-50 

B'25 

8'25 

B-2S 

M2 

B'25 

H-Q2 

9-5 

7-25 

8-00 

CO 

10-50 

14-50 

15'12 

li'fi2 

i5-;5 

14-50 

\ri-2j 

17-37 

18-12 

161  12 

iK-5Q 

;iB 

6.!yQ 

If  yo 

9-50 

9-12 

11 -132 

12-00 

9-62 

1  80'  S.. ...  1 

60 

10-50 

17-50 

18-12 

20- 1:^ 

lU-62 

20-85 

21  37 

22-12 

17-00 

19-50 

Hence  it  follows,  that  witKin  the  liniitfi  of  these  eitpermicnta,  tke  *ab- 
l  ttnnces  rtnploifed  are  more  strong!)/  healed,  in  proportion  as  their  (hliknesi 
is  greater.  Preciaclj  tho  contra-fy  result  wnA  obtaiTicd  hy  Leslie  aud 
^^^Mellotai,  The  discrepani'Y  Ib  explained  as  folluwji.  Tlie  amonnt  uf  heat 
imparted  to  a  body  by  radiation  iucreaecs  in  proportitin  to  the  iiuuiber  of 
absorbing  layers  to  which  the  heat  can  penetrate,  But  the  healing  effect 
attaina  iu  maxioiuin  at  a  certain  thickness,  beyond  wliieh  the  heat  im- 
parted by  radiation  cannot  attain.  Now  in  Knohlaucb's  oxperimeu la, 
the  thickncAB  woa  never  too  gr^t  to  allow  each  shccesstvo  layer  to  he 


lieatod,  and  Ihua  to  act  upOn  the  metallic  BurfaM.  In  tLa  6b<6rvAtioB5 
of  Leslie  and  Melloni,  on  tbo  contrary,  the  iQterpo943«i  diatherm&Doys 
platea  v/ctf^  so  tliick,  that  only  a  siuull  p<:irtion  of  the  heat  a)j(ic>rljccl  poue- 
trated  to  tla<!  siile  wLicli  whm  turned  towards  the  ihermoacupe. 

3.  With  respect  tr>  the  radiating  powers  of  dlOereut  tiubstanoes  m 
tliict  same  tcmfiora.tiiro,  Knublauch  cotilirme  the  hiw  laid  down  Melloiii, 
viz.  that  iJie  radiating  power  of  a  botlff  u  iiifiueuced  by  teratching  Ui  mr- 
fatx,  only  in  ao  far  as  Us  dendly  and  hardness  are  Iha-ehy  alteiied: — iU«o 
the  result  previously  ulttained  by  both  Runiford  and  MvLloni,  tb&t:  the 
raduidwif  power  iitsreatee  with  tiie  tkicktit^  (jf  *iie  rtidutlmij  Jifm, — «  l«w 
wliicli  furoiulieg  aDotb.or  jirijof  uf  the  curresiioadence  between  radj&tioii 
aud  absorption,  KauMauch  likewiw  oli&erve^  tliat  tLe  vquaUty  of  tlio 
radiiiLing  and  abaorbiu^  powers  is  absolutely  true  as  ie^»rds  one  and  the 
BMn«  body;  but  that  with  respect  tt>  different  bodies,  U  canuot  ha  main- 
iained  that  a  body  which  at  a  certain  temperaturo  exhibits  »  higher 
rixiliatiufj  pww<?r  than  another,  nocesaarily  mIso  posses^s  a  greater  abfMirb- 
iu^  povrtr; — foF  the  proportion  between  the  qiiatititiea  of  beivt  absurbwl 
ty  twO'  bodies  varies  with  the  nEiture  of  the  calorific  raya. — Lastly,  it  is 
ehown  that  the  radiating  power  of  a  body  is  the  same,  however  diffc-reut 
may  be  tho  calorific  raya  ny  which  it  is  licatod. 

4.  The  Afat  radhited  from  thf  mo»t  rariaaa  u>lid  hodifit,  mth  at 
mela!^  teood,  porcdam,  leather^  chth,  paBtcitoard,  ^'C. — of  dijffnnt  t/titi- 
TicsstJ  and  di/eyfut  condUiani  of  surface  appears,  when  teiled  by  ail  the 
meant  at  our  Mutmimd,  Co  bt  af  tAe  same  nat-are,  in  lo/ialnvr  manner  it 
may  have  Seew  arcifeti. — In  the  experiments  by  which  this  result  wan 
obtained,  the  teniperaturos  of  the  sources  of  Iieat  varied  from  aS'  tu 
SO"  R, — ^Tbis  rcanlt  is  of  some  interest  with  refL'rei(«  to  the  detvmiina- 
tion  of  specific  beat;  for  if  the  icC'  la  the  calorimeter  were  to  absorb  the 
bent  rndiated  from  different  auhBtanvc^  iu  dilTerant  de^^reos,  thfj  ifuautity 
of  ice  melted  wimlj  not  l>e  a  direct  nieasuro  of  the  cjuanLity  of  beat. 

5-  Alferatio^n  of  heat  Irreijidar  Rejection.  Melloni  baa  remarked 
that  a  while  surface  reflects,  with  various  degrccts  of  intensity,  the  heat  of 
a  Locatelli's  lamp,  according  as  it  is  used  with  or  without  the  gtiuH 
chitnncy, — also  tho  heat  of  iitc^an descent  platinum,  and  that  of  a  niotal 
cylinder  heated  to  40(1°  C. — Metallic  plates  with  rough  surfaoes  are  tli« 
only  bodies  which  reflect  equally  tho  beat  from  all  sources^ — whiUl 
lani|>-b)ack  gives  a  searccly  perceptible  disperaion  with  any. — The  fol- 
lowing- tutde  contains  tho  results  uf  a  number  of  experimcntij  in  rolntion 
to  thie  3ulvjert,  Tlie  i^urce  of  heat  used  wa«  nn  Argaud  tamp,  and  the 
boat,  lifter  reflexion  from  the  varioua  substaiioe!!  inentionpd  at  the  bead  of 
the  table,  was  modo  to  traverse  tbc  a-evenil  dtalheniianou^  media  ineu- 
tioucd  lb  the  first  column, — -the  object  b^iu^  to  deterRiiuo  whelhor  iho 
calorific  ray^,  after  dilFnse  rodection  from  those  various  shurfuc&iii,  would 
p&aa  through  the  different  media  in  equal  or  unequal  qiiuntities. 
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T|ie  rays  of  beat  reflected  from  certain  homogeDCOQS  bodic3  passed 
in  unaLtererl  |>roportiuti  through  tbo  diatbermaiioua  m^dia.  Such  was 
the  case  ■with  birchwooJ,  cork,  and  miLliognnj  ;  also  witb  the  eimpli 
metala  and  tnetalljc  alloys.  j 

Hell  i»  therefore  du^Ptd  fry  dijiist  re^fctum  in  l>ny  dtfrr^f  vttft, 
in  a  high  lUijrft^  t>ff  tm^e  hrtditt^  wot  at  all  by  others.  These  alt'er&tioas,  in 
the  case  of  nupolished  bodicj?,  ar*  iDdeppodent  ef  iheir  degree  of  roogi 
ness: — in  the  case  of  metallic  aurfacea^  it  is  even  iuJifferent  whelhi 
they  are  MsiA  in  a  state  of  high  apecular  polish  ot  ia  any  other  coodiiii 
of  aurfnt-e. 

By  making  use  of  inetLiiilefi^eut  pktinam,  the  flame  of  alcohol^  an«l 
heated  metal  cylinder  as  Eourres  yf  Lwvt,  it  waa  funml  that :     TAe  cAan\ 
prodneed  cii  ficat  6^  irrf^jntar  rflf-tcdoH  are  afeoUd  bj/  the  naiurf  of 
toaree  of  heai  as  wU  as  bij  tfif  nature  of  fAe  re^ectinff  mrfacf.  And 
particnlar,  that  the  luodiflcuti'one,  which  are  reLV  coDsideniirle  !□  tJio  m' 
of  the  Arzaiid  Janip,  are  \<im  in  tUo,s^e  of  rd-W  platinhui,  still  lea 
those  of  tho  alcohol  dam?,  and  id  the  case  of  Ibe  niolal  cylinder  heated 
*ny  temperature  between  20"  aoJ  ilO"  R,  they  l>ec'unie  absolutely  nolhin 
It  ia  t-aaily  seen  bovi-  by  tlnesC  modifications  the  rays  of  heat  reflect 
frtiin  different  stibstances,  ittay  to  a  certain  esletit,  niter  their  relations  o 
to  anotber.    Thuf,  the  heat  of  an  Argaud  lamp  when  reRecte<i  fpc 
cnrtuine,  pa^ea  thron;^h  gypsum  n-itb  le.-<s  facility  thiiu  when  reflect 
from  white  velvet.    The  rays  &f  ineaHdesccnt  platiuum  pass  equally  w. 
through  gypsum  after  reflection  from  those  surfaces;  and  the  neat  of  ; 
alcobol  flnmg  pafsea  through  that  niedium  after  reflection  from  eanni: 
better  than  aftt-r  difTuse  reflection  from  ivhito  vf  Ivet. 

On  repcRting  tbo  cxpennientd  wiiii  the  four  alraye-cnen tioned  aoureeft' 
of  heat  with  reference  tu  a  ditTereiat  object,  it  was  found  that  sarfacM 
whifb  affect  *qmlly  the  raya  from  any  one  source  of  beat,  e.  ff,  of  an 
Argand  Samp,  likewijio  pHulify  in  an  ejjqul  decree  the  nyv  fri>m  any 
(hthcr  source.  Tho  followin;^  Jtsf^  contain  tbniie  Bubxtances  which  Bcatter 
the  rays  of  heat  in  encb  a  manner  that,  far  regards  Ibeir  paeeagQ 
tbrougli  red  gltuit,  bine  glas^,  alum,  rock-Balt,  calc^piir,  and  ^peiLin,  tbejT 
are  not  to  be  distinguialied  one  from  the  other.  The  bodies  in  (!)  faaro 
likewise  this  peculiarity, — that  the  beat  irregularly  rijflectcd  at  their 
surfaee^  is  umlistinguitihable  from  non-rofleeted  heat. 

(I.)  GulJj  ailver,  platinum,  mercury,  iroHj  tinj  zinc,  copper, 
alloy  of  lead  and  tin,  brafts^  Geniuin  niivor,  untinned  Iron  plate.  (2, 
Gyiwiiiu,  ehalk,  while  lead,  white  u-il-edluiir,  porcebiiii,  liocii,  while  fiajNTi 
blue  [lapcr,  wliite  eotlon,  grey  calico,  Paris  green,  green  ciiiunbar,  elirY>ni« 
yellow,  black  lac.  (3.J  Birch-wood,  cork,  mnbogany,  yellow  Euarble, 
(4.)  White  Bnlin,  black  satin,  white  tatl'elas,  black  taffolaa.  (5  ) 
votvet.  biack  velvet.  (6.)  Vgllow  leaUicr,  brown  niorocCO.  (7.)  Li^l 
clutb,  black  cloth.  Blue  Hock-pa]«?r,  groen  flock  paper.    (9.J  \\'bit« 

wool,  rnd  wool.     {10  )  Cinnabar,  oxide  ofcopjwr, 

or  thc!  following  (titb.itanrea,  llinei>  cohtui»ed  in  the  caiD.$  diridaa 
uxhibit  a  similar  bjt  not  i?xac(ly  o^^iial  action. 

ni  )  Cnnnine,  nmdder,  rod  fl<jck-pTiper.  (12.)  White  velvet,  wliil« 
wool,  (,'rei>n  rt"ick-pajier,  (i'^  )  Whitf  lead,  Diessbaoh  blue,  (14.)  Blaefc 
velvet,  grL'«n  oil-eloth.  (l''  )  Rlark  paper,  black  glass.  (16.)  Cwl* 
cokp,  |ihtnibng().    (17.)  liiinip-bbick,  iiniuial  chiirooBl. 

The  fullowill|^'  hulmlHiice-^,  with  referene^  to  the  dinpersion  of  beat, 
01  be  iucludeJ  in  either  of  tho  preceding'  ^iips. 
8.)  Ullrainarine.    (Ji>.)  Peroxide  of  tin.    (20.)  Taunate  of  pets. 
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OxiJe  of  iron.  (21.)  Indiaa  ink.  (22.)  Red  taffetaa.  (23.)  Green  taf- 
fetas. (24.)  Dark'  red  velvet.  (25.)  Light  red  velvet.  (2fi.)  Green 
velvet.  (27.)  Bktk  morocco.  (28.)  Drgw-ii  Manclioster.  (23,)  Mother 
of  pearl.    (30.)  Ivory.    (31.)  Cliarcoal.    (32,)  Brown  coal. 

It  is  also  shown  ttat:  TIte  cimiigfs  which  heat  nitdergofs  by  difuse 
rfjffction  afv  wholly  due  to  an  ftfcfiiie  abtorhing  jiotrer  ike  rtfiKilng 
mrfaet  for  cerfain  of  the  aihi-i/c  ra>/t  wkieh  are  hei\t  to  it.  lu  this 
respect,  the  pLenomeim  are  perientj?  analogous  to  tlioae  wbicli  are  ob- 
ef  rved  in  tlio  ditltisc  refloi^tion  of  liimnmiiH  raya. 

Wbtli  the  cjwption  of  llio  mctalfl,  wliieli  re6cct  all  culorlfio  rays 
equally  well,  and  of  cliarcoal  whidi  absorbs  tLem  al),  it  unntiot  be  said  of 
□ijy  suhetADCo  yet  exaniinfld,  that  it  reflects  heat  Letter  or  wnrss  upon 
the  whole  tlinu  nuotherj  iuosmuch  m  the  proportion  variea  wttli  each 
radiiitiun. 

6.  The  preceding  results  bIiow.  with  regard  to  the  sources  of  heat 
cwiployod,  (liat  the  diversity  of  quality  in  the  emitted  raya  is  frrcatest  in 
Llje  Ar^nd  lamp,  less  in  the  incandescent  platinum,  acid  etitl  lest  in  the 
alcohol  flamt?, — while  iu  the  case  of  the  cylinder  heated  to  80^  U.  it 
tnni^hcs  altogether.  Generally,  tho  heat  emitted  from  tlie  most  various 
solid  bodies  between  the  temperatures  of  50^  anc!  90' R  (U4'5^  and 
FaL.)  ia  p.erfe*:l1y  hoijiogeneoui  or  mmofhrontatic. 

The  variety  of  calorific  find  in  the  heat  of  incandeaccot  platinum 
increases  with  its  tcnporaturp.  It  ia  not  however  univerBally  true  that, 
of  two  sources  of  hejit,  thmt  wliich  his  the  Iiigher  temperature  ha*  also 
the  greater  variety  of  caloriiie  riiys;  c  fj.  red-liot  platinuiai  emit*  raya  of 
greater  diversity  than  those  emitted  by  the  flanio  of  alcohol. 

It  IS  likewise  remarkable  tliat  tho  variety  of  calorific  rays  emitted 
from  different  sources  la  greater  or  less,  juet  aa  those  sources  contain  a 
greater  or  less  Tariety  of  tho  coloured  ray^  of  light:  thus,  it  is  endent 
that  the  Bame  of  the  Argand  lamp  is  richer  in  this  resjject  than  red-hot 
platinuDi,  a&d  the  platinum  richer  than  the  alcohol  flame.  IT 

The  calorific  rays  of  a  body  licated  to  'lotl  reihiesa  may  bo  polarfzed 
like  rays  of  light  (p.  164),  bo  that  they  will  or  will  not  be  reflected  from 
a  second  surface  and  afterwards  affect  a  tlteninmieter,  according  to  the 
po.<<itiou  iu  which  that  surface  la  placed,  (Benard,  Oilb.  46,  384,; — Rays 
of  heiit  may  be  polaHireJ  b^  tranantission  lliroutrb  t;>umialin  or  mica, 
depolarized  by  douWy  refracting  crystals,  kc.  (Forbes,  Melloni.) — Eaden 
Powell  denies  the  polarizatiou  of  boat. 

According  to  Poiitllet's  approximate  cstifliation,  the  temperature  of 
tliC  Min  is  between  I4Gl^aud  1761"  C,  and  it  sends  annually  to  the  earth 
its  much  heat  a-i  Would  inelt  a  stratum  of  ice  HurroundiTig  tho  whole  earth 
and  31  metres  in  ihieknesfl.  The  temperature  of  space,  aecording  to  the 
snmo  calculation,  is  about  —  142°  C;  hut  this  likewise  imparts  yearly  h* 
the  earth  a  quantity  of  heat  etilEcieDt  to  melt  a  similar  stratum  of  ice  of 
the  tiiickue^  of  metre?. 

When  heat  ia  restrained  in  its  rtkdtating  motion  by  tho  adhesive  force 
of  liquid  and  solid  bodies  it  Jiffusea  itself  within  tljem  slowly  and  with  a 
creeping  iirotion;  it  condaetrd  by  them. — According  to  Fourier's  hypo- 
thesis, the  conduction  of  boat  consists  iu  mliatioa  from  one  atom  to 
ajiuthcr. 

CQiidu^in^  poaer  of  tolids.  The  m^Uth  are  the  best  conductors  of 
heat.  If  the  conductia^  power  of  gold  be  a^amned  =  1000,  that  of  pla^ 
tiuum  ts  981,  of  silver  97^,  copper  89Sj  iroa  974,  sine  363,  tia  3Q4i 
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lead  180,  m&Me  24,  porceWu  12,  tilee  Il-4>  (Despret*.)    If  ft  namber 
of  metaUic  rods  of  wjual  length,  breadth,  and  -wciglit,  and  poTered  with 
wax,  bo  equ&Uy  heated  at  one  end,  the  was  on  the  copper  will  be  lueltcd 
for  a  distance  of  3*5  inehcs,  on  the  siUer  '2-5,  and  on  tha  platiaum  uid 
palladium  I  inch.  { Wo'llaeton.)    Comp.  N.  W.  Fischer  {Kasln.  Arch.  M,  I 
1 47 ;  Pog/f.  19,  507 ;  52,  632.) — The  paeaage  of  heat  from  one  soLd  bwdj 
to  miotber  iu  close  contact  willi  it  cauees  retardation.  (Despreti.^^N.  W, 
Fistiher'fi  ju»6erti&ii  (Pty^.  19,  513)  tliat  wheu  water  i«  placed  m  contMMH 
with  the  heated  end  of  a  metallic  liar,  the  heat  movca  oa  tij  Lbo  euld  cd^HJ 
has  been  tu  a  certaiii  extent  continued  by  Mous-soii  (liilb.  vniv.  N.  S.  13,  ~ 
418)  but  coDtradietcd  by  Scluoder  {Pogg.  46,  I33i  and  BLVttgor  (-Poyy, 
SO,  &0). — Foroua  bodies  are  remarkably  bad  cDaaucton,  #.       ihwe  vf 
orgaoio  ettuctiue,  suuh  u  wouO,  wool^  feathers,  &c. 

T  Seaarmont  (iV.  Ann.  Ckm.  /"Ays,  21,  457)  ha* ' investigated  Uie^ 
conduction  of  heat  in  viystallized  bodies.  The  tnodc  of  expcrinidDtil^ 
was  to  lieat  a  cyliadrira)  plate  of  the  crystal  in  the  dilution  of  itA  axii^ 
and  trace  the  fitrin  of  the  isotbcrmal  i^urves  oti  the  two  faces  by  means  of 
melted  wax.  A  small  tube  of  platiuiiu  was  inserted  through  the  centn 
of  the  plate  in  the  direction  of  ita  axis,  bent  at  right  anglea  at  tfae  lower 
extremity  n^nd  heatr^d  by  3.  lamp, — a  current  of  air  being  at  the  same  tints 
eent  through  the  tnhe  by  Tueatis  of  an  aspirator.  The  two  bases  ef  th» 
cylinder  were  covered  with  wax,  which,  being  melted  by  tli*  heat«  traced 
out  on  the  eurfaeo  a  currc  line  whose  form  waa  determined  hy  th«  con- 
ducting power  of  the  crystal  In  difleront  directions. 

Platet^  of  honiu^eDcons  substsncet?,  Buch  a9  glass  and  zme,  treated  in  ' 
tliij  manner,  gave  circles,  the  centre  of  wbicb  was  at  the  source  of  heat. 

Ou  a  plate  of  calc^par  cut  ^icrpendicular  to  the  axis  of  ^lymmetrv,  th* 
curves  were  circles  with  tbeir  centres  in  the  axiff.  On  platea  parallel  lo 
the  direction  of  natural  cleavage,  thii  curves  wore  al^  circles,  exhihiting  a 
flight  tendency  to  elongate  iu  the  direetion  of  the  principal  teotion.  Ob 
plates  pariilicJ  to  the  axis  of  j^ymmetry^  and  having  their  plane  perpen- 
dicular to  one  of  the  fuces  of  the  primitive  rhombobcdrou,  the  cmres  were 
ellipses  very  regular  and  well  defined,  and  having  tlieir  longer  axca  in 
the  direction  of  the  axis  of  gyuiiiietry.  The  ratio  of  tbo  axes  was  t  '111<. 
These  expQriinciiU  ishow  that  the  axis  of  G)niiuctry  \a  a  direction  of 
greater  conjuclibility. — Similar  results  wcro  obtained  with  qaarti,  the 
ratio  of  the  axes  being  It  may  therei^ore  he  inferre<l  that:  In  media 

coftgt  it  tiled  like  crj/stals  of  tfie  rhomhohedral  stfstem,  tJi4  conduxAing  pvtfrT 
varifn  in  such  a  manner,  thai,  suppotinff  a  Cnilre  of  heat  exitt  leUAin  tJUm, 
and  Uit  medium  tn  ht  indtfinitel^  extended  in  all  directiom,  the  uathermal 
eur/aenaTS  eoneentric  eUipmid*  of  revolvtlon  romui  tJu  axU  6f  ij/mmttrji, 
or  at  least  turfaeet  difenng  but  lUtU  tkerefron. 

On  plates  of  gypeum  perpcndtcalaj  to  the  cry^tallographic  axis, 
cnrres  were  cllippfl,  tlie  ratio  of  the  axes  being  1'23.    Tlu'  author 
tinablo  to  exi«crimoiit  upon  phites  peqicndlcutar  to  the  dirt'clion  of  ca* 
cdeaTn^:  hut  there  is  erery  probability  that  thecarve»in  this  cikM  w«iiU 
also  be  elliptical.    It  may  therefore  tie  inferred  that:  In.  urfia  JBiurf 
iKttii  (ike  cr^gtafg  with  two  optit  rixeM,  if  ve  mppa$e  a  tmtre  of  kmU  lo  MMf 
inlAMt,  and  M«  crtftlal  to  be  indefinitely  extended  in  all  dineetiont,  tXt  tt^ 
themal  mrfacet  wilt  be  ellipaoide  ivi(h  three  nneqwd  i.r^.t,  ar  curve  utrfaem 
jy»  it^  bui  littU  It  li  probable  also  that  the  principal  axat 

of  ttim  isothermal  nrbees  eoiueide  with  the  cryetaUograpbic  axes,  w 
the  latter  are  IjkowiBO  axes  of  symmetry. 
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No  cxperime'iits  were  made  with  oryetala  belonging  to  the  regular 
Kjstein,  on  ii,ccoDiit  of  the  (litScuIity  of  |iro<;uring  saitfible  epecimons.  It 
ia  probabie,  bowerer,  that  in  nie(U4  of  ttiis  oatare,  the  iwtLemiai  frurfacea 
^Iroidd  be  Bpheri<^.  il 

Condiict'mif  Powef  of  Liqu'ith.  When  licat  \a  cotuTnutiicateil  to  the 
bottom  of  a  l]<]i]iil,  it  JilTLtse'i  itself  riuickly  and  unifurttily  tLruughonC; 
rw)t>  however,  by  coTKlnction,  t.  <•.  by  radiation  /rom  particle  to  particle, 
but  in  Consequence  of  furt-dnts  in  tliti  liquid  its«lf, — ihe  lun-et  porliuo, 
which  ia  heated  and  thereby  expanded,  ascending',  while  the  colder  naA. 
heavier  portion  sinliB.  The  comnniTii'catioTi  of  heat  from  the  upper  to  the 
flower  part  o^f  a  liquid  tnkes  place  bo  alowly,  that  RuTnford  nh^oliiCely 
denied  the  existence  of  coudueting  power  in  hodieH  of  this  class;  it  htta, 
however,  been  shown  to  eKint  in  tbein  by  Thomson,  Murray,  an(t  DaEtaii 
{G^ilb.  14,  I2,0,  158,  and  184");  and,  according  to  Deflprerr.,  the  conduc- 
liiin  of  heat  in  liquids  takes  place  according  to  the  same  law  as  m  solids, 
■ — Respecting  the  supposed  slower  cooling  of  warm  mineral  waters,  vid. 
Lonji^hatiip  (Jijjk  Vhim.  24,  245),  Schweigawr,  Reuse,  and  Seller 

L  (ifcAic.  39,  38(f),       Omebu  (Fofrg.  7,  451),  Kasttier  (A'nstn,  AreAiv.  13, 
MOB;  IS,  4»a).  Wanderlich  {Wiriemb.  mtd,   Coyrrxpomt.  Blatt.  1837, 
457),  Chevalier      Chirn.  mW.  12,  37). 

Tho  cooling  of  hented  bodies  in  the  itir  and  in  gases  !s  due,  partly  to 
I  {be  nulintion  which  tnkcs  as  it  would  in  vacuo,  pn^rtly  to  the  immediate 
'  transference  of  heat  to  the  particles  of  air  aarrounding  the  hodie«.  The 
latter  mode  of  cominunicatiou  is  not  affected  eitlier  by  the  natnre  of  the 
surface  or  by  the  absolute  temperature,  provided  the  diflerence  of  tem- 
perature between  the  heated  body  and  the  surrounding  air  remains  the 
BflTne;  so  long  as  the  ctasticity  of  the  air  contlaues  unaltered,  Jts  den*aty 
may  vary  in  any  way  whatever  from  change  of  teriiperature,  without  pro- 

»ducing  any  alteration  in  the  rate  of  cooling.  Ou  the  other  hand,  the 
Tcloerity  of  cooling  by  contact  varioH  :  1.  With  the  elasticity  of  the  several 
kinds  of  gtts — Inasninch  as  the  diminution  of  elaaticity  consequent  nn 
mechanical  rarefiietion  lessens  the  rate  of  cooling  in  a  proportion  which  is 
dJS'erent  iu  the  ditferent  kinds  of  gas;  2.  According  to  the  nature  of  the 
Burroundiug  gaa — being  greatest  in  hydrogen  (whether  from  the  greater 
mobility  of  that  gas  or  its  greater  capacity  for  heat  f)  leas  in  olefiant  gae, 
still  less  in  ulr.  still  less  in  t^rbunie  ncid,  and,  acei>rdliig  to  Davy  (Sc/tir. 
20,  153),  fslowost  of  all  id  clilorinf!  giw,  {Siinihw  results  are  given  by 
IJalton  in  hie  /v'ew  St/nf.  1,  114.)  But  even  when  the  actual  velocity 
cboages,  the  law  of  cooling  by  contact  of  gas  reuiJiina  always  the  same, 
y\z.,  that  when  the  diifercnce  of  tempcraturo  Is  doubted,  the  veloeltr  of 
cooling  incrcaaes  2*3.5  fold.  (Petit  imd  Duloug.)  Comp.,  DeHpr«tz  (Ann. 
Chim.  i'hi/s,  6,  184),  and  Provost  {Mvm.  tie  Uc  Soci^te  de.  C'eneve,  4,  26^), 
— DiHturbance  of  the  air  acctdcratca  the  rate  of  cooling. — —The  obeervation 
of  Bockraan  that  metals  cool  more  quickly,  and  cIuLreonl,  earthy  sub- 
elnnccs,  tLiid  liquids  more  slowly,  wben  heated  in  the  liUQ  than  when 
heated  in  the  sand-bath,  deserves  further  investigation. 

G.  Heat  which  enters  into  bodies  expands  them.  This  expansion 
varies  greatly  according  lo  the  nature  of  the  substance,  not  only  in  degree, 
bat  aleo  in  the  law  which  it  Follows, 

•  Thonnfiii.  McWfOM's  PkiL  Jfium.  toI.  i.  p.  529  f. 

Murray  ,.  „  vol,  1,  p.  IGfi  Hnd  2jl. 

Ualtou,  iKmoirt  fifths  Soeiitji  (if  Maaehater,  ^uL  5,  f&fC  \\>%>^1%^. 


All  gates  and  vapdvrt,  t.  g.,  common  air,  oJtygeti,  lydrogen,  nitrogen, 
carbonic  aciiJ,  LydrucLloric  acid,  anil  aulpliiirous  neid  gas,  and  ether 
vapour  HSspahd  when  heateJ  from  0'  to  C.  by  0'3t j  of  their  %'ulume, 
ftCcoMling  to  Gay-Lusfiic  and  Daltnn,  and  from  0  364  tn  0-365  according 
to  RudWrg.  The  latter  determinrLtiriii  gives  fun  espunsioii  of  j-ij  for  pnch 
degree  centigrade  (or  for  each  drgree  Fall.};  tliat  ja  to  say,  274  cubic 
inches  of  air  at  0^  becorao  275  c,  i.  iit  +  1",  276  c.  i.  at  2%  ftnJ  37j  cubic 
inches  at  lOU";  at  their  volume  is  doubled,  at  549  it  is  trebled,  and 
eo  oti.  Oil  the  contrary.  274  jneiisures  of  auy  kss  nt  0""  etiffLT  n  coutrae- 
tion  of  I  lueasure  for  eaeh  de^Tce  of  eooiing.  274  medsunea  of  pas  at  0" 
contrael  at  —  20'  to  234  measures,  and  expand  at  +  30^  to  304,  at  +  80° 
to  354,  aud  at  +  100"  to  574  meajsures.  Hence  tbo  volume  of  a  gas  mea- 
eurerl  at  aiiy  given  temperature  may  lie  reducod  to  the  rolumo  *hioli  it 
wimid  !iave  iit  any  other  tenipdrnture ;  i*.  g.  glTeti  1000  nieaaiires  at  —  14°: 
re<]nired  iho  volume  fit  0°  l"(274  —  14)  :  274  =  1000  :  a:  1053-8. — 
Glveti  1000"  measurca  at  +  30°  :  what  ia  the  volume  at  0?  (274  +  36)  : 
274  —  1000  ;  jt  =  884. — Given  1000  iiieasiirea  lit  27''  i  wliat  will  te  the 
volume  at  100°?  (274  +  27)  :{m  +  100)  :  :  1000  =  1242-5.— Even 
when  the  heat  is  iuoreascd  tn  300°  C.  the  eiipansion  of  different  gn.Ms,  as 
of  air  and  hydrogouj  is  esMtly  the  same.  (Petit  and  Diitong,)— The  er- 
jiansion  of  ntmowphcric  air  when  heated  from  0°  to  100"  is  constantly  the 
Fome,  whether  it  he  auhjected  to  a  pressure  of  J,  ^,  ^,  ),  2,  3,  6,  or  15 
atmospheres.  (Davy,  PkiL  Transati.  1823,  204.) — Common  air,  healed 
from  ]  00^  to  low  rednetis,  expands  from  1  meiuguro  to  2  25,  and  at  a  bright 
red  beat  to  more  titan  2  50  luefiuures.  [Davy.) — Accordjiig  to  MuneKe^ 
vapourd  heated  to  their  hoiliug  poiut  exjiand  much  luorcj  strougly  tliau  air. 

T  The  more  recent  experiments  of  Magnna  and  Reguault  have  shown 
tlint  the  coelHcieut  of  expansion  not  exactly  the  same  for  nil  gases. 
The  differences,  however,  aro  not  very  coHsidenible,  as  will  he  seen  from 
the  following  talkie,  which  gives  the  eipantiions  of  the  different  ^'a^^es 
examined  hy  these  philosopheriJ,  between  the  temperaturce  of  molting  ice 
and  Wiling  water. 


Name, 

Cxpwuion. 

Obi. 

Name. 

Oh*, 

Air  

O'.'IMSO 

0-3  MB  2 
0--16(>J8 

o-:ibR2i 

Id. 

Ms- 
Id. 

Mg. 

Rt. 

Cirhunk  Dxida  .... 
Curljonic  acid   

Suliiburuasadd.. .. 

llydronhlorio  ■cid. . 

Til. 
Wg. 
Kt. 

Nitrojm  ............ 

0-.1DII28 
0-36HI2 

Hence  it  appears  that  tho  expansion  of  air  for  each  degree  centignwle 
is  equal  to  O'OO.-^'ltU.S  of  the  bulk  nt  0"  C;  this  givcK  0  00204  or  for 
eacli  degree  of  Kulirenheit's  scnlo. — Regnault  also  found  that  for  atmo- 
B|}horic  ur,  carhoiiic  iicid,  and  siilpliiiroHa  acid,  tho  cocfficienl  of  cxpimeion 
iucrP!D4eii  with  (lie  tension  of  the  gas. 

Tho  luWH  commonly  admitted, — vii.  that  t&*r  erpntuian  of  any  got 
bettitfii  ijiven  limit*  o  f  the  imiprrnhm  it  indfpttlidfnt  n/tAt!  iniiiitt  tfeiitUy; 
and  that  all  tf(t»e*  A^dv  *rfme  cofjUcitnt  tif  ezpansinn—ara  r*ga.nieJ  hy 
Regnaiilr  true  in  l/if  Umif  unly;  tbnt  is  to  my — they  accord  njoro  and 
Hiore  nearly  with  the  rexultj*  of  ohsecvatitfn  lu  proportion  aa  the  ga«M  ato 
in  a  moro  expanded  «t(ito.  IT. 


EXPANSION  OP  LIQUIDS. 


Liquids  beated  from  0°  to  100°  C.  ezpanil  as  follovs. 


Water   ft-n4CC 

Saturated  solution  gT  ult   O  O&tH) 

Oil  flf  vitriol   O-UfiOO 

HydroehLiric  irid  (sp.  gr.  1-137)  O  OfiOO 

Nitric  acid  isp.gr.  I'lO)   0*1100 

Alcohol  (gp,  gf,  0'81 7)   O'lIOl) 

Ether   0-07()0 

OU  of  turpentine    0  0700 

Fit  oil   ,   O'OBOOj 


D-nL'OO 
0-018jS 

O'nieia 

0-OISDO 
OOt7fi5 


Ds]  ton 

C'Dvendiah 

Lsioiiiier  nail 

Lapluce 

Hullitrtini 

Shuckburigh 

Petit  and  Duloiig 

Dduc 

Roy. 


lOOmisuures  of  liquid  carlsonic  acid  at  —  20°  expand  to  150  mca- 
Burea  at  +  30.  [Such  at  lea.!ft  ts  the  rme  afcordin^  to  the  aBsertiuu  of 
Thilorier  {Ann.  Ckim..  Phys.  60,  427),  tliftt  tho  «p.  gr.  of  tlila  acid  ia  (l-9iU 
at  —  20",  0  83  at  0",  find  O-flO  at  +  30  ;  Lut  at  tLe  sauio  time  lie  eayH: 
100  lueoeures  oftbeacidat  0'^give]45  riteasiircs  at  +  30,  vvlikli  ia  Iul-uh- 
eist«nt  with  the  utove].  It  ie  t^ertaicit  liuwever,  that  tiiu  o\j)a.Ei&ion  of 
liquid  carbonic  flflid  ie  mucb  greater  than  tijat  of  gases.  Likewise,  eal- 
pburnus  acid  and  cj/anogen  in  the  liquid  atate  expand  Tiiucli  iiifire 
strongtj  th&n  oth^r  liquids,  but  not  so  niiicli  a«  carbonic  acid.  (Kemp.) 

Water,  wben  grartuftUy  heated  ffom  its  freezing  pnint,  contracts  at 
fii^t,  nnri  doea  not  expand  till  its  temperature  hns  liceo  raised  unmcwbat 
higher.  If,  therefore,  it  he  at  the  [iarlicii5aT  tGinpem-Lure  at  which  \ia 
density  is  the  greatest,  it  will  leTpand,  whether  heat  be  added  to  or 
abstracted  from  it.  This  point  of  maximum  density  ie  placed  by  Daltun 
at  2  22'  C,  by  Bla^'den  &  Gilpin  aiid  by  Gn-y-Lussfto  at  S-SQ'  (39-^ 
Fab,),  by  HSUstroia  at  3i)  {Pogg.  M,  220),  Charles  at  3  Dr,  DeapretE 
at  4°,  Hope  at  4-35',  Lefevrp,  (xineau  and  Rumfurii  at  4'44'",  by  CricbtMii 
at  5-55°,  and  by  Playfair  &  Joule  at  39-101"  Ftib.,  or  O-flS"  C.  (C'Awh. 
Mrm.  3,  504.)  The  appArest  maximuTH  density  of  n-ater  enclosed  in 
glasa  ves6ck  ia  not  attained,  accordin;;  to  DiJtiin,  till  5'55',  beenuse  the 
Tessel  expanda  when  its  temperature  is  raiiicd  from  0"  to  4".  (For  HiiU- 
etrom'e  table  of  the  den^iity  of  water  at  dilferent  teriiperatures,  vid.  Ann, 

Chim.  Ph^».  aa,  56.) 

All  aqueous  BolutEons  nf  saJta  and  similnr  aulistancea  have  libcwiee, 
accoidiug  to  Deepretz,  a  maximnni  dcDiaity.  Thie  maximuni  19  situated 
80  mucli  the  more  l>elow  4  as  the  solution  is  riclier  in  salt,  aod  gonerally 
even  below  the  temperature  at  which  the  eolutiou  freezes  wlieo  agitated; 
wbilat  tho  liquid,  when  at  rCat,  may  be  cooled  below  the  point  of 
maximum  debeity  withotit  assuming  the  solid  form.  Solutions  of  3'7-')d 
parts  of  the  following  substanccB  in  100  parts  of  water  have  ihetr 
maxima  of  deneity  and  their  freezing  point^  when  agitated  situated  at 
the  folLowiDg  teuiperaturee: 


Fr.  P. 


Mu. 


Fr.  P. 


Podmh  

f  *arb.  pato.*!!  

SulpbiU  at  poluli 
Carbonate  of  sodk^ . 


-504° 
3-85 

7-01 


-2-10' 
.1-21 
2-09 
2-85 


Sul^biLte  of  eodk  

CoDDTIlOn  lUjt   i  .. 

Cliloride  of  caJcinin.  - . . 
Urr  lulphate  of  copp«r 


4-75 
3  92 
D-62 


-2-30' 
2-77 
392 


^\  The  cxpaUBiou  of  liquiiU  bos  lately  been  further  iuvestigated  M. 
Isidore  Pierre ;  the  results  of  Uia  exfierimonta  are  contained  in  a  series  of 
memoirs  published  in  the  Annalts  dr  Chimie  et  dc  Physiqire,  3'  *M  The 
following  table  contaitia  the  truo  and  mean  CJielhcionta  of  expansion  of 
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HEAT. 


the  aoveral  liquids  oxiuniRotl.  The  expansione  being  expreawd  by  for- 
miilie  o!  tlig  funu 

V  =  J  +  at  +  ht'  +  tt* 

ta  which  t  ilenotos  the  tomperntrire,  and  a,     e  are  oonsUUllS  tD  bc  itfltt- 
inin&d  by  obscrvatioo  fnr  each  particular  liquid,- — the  tme  eoaffictenti.* 
each  temperature  are  cfttculatcil  by  the  formula 

V 

=  a  +  26f  +  Z<^ 
and  the  maaa  coeilicient«  by  the  formula 


SiihRlances. 


Temperatures. 


True  cocffleieDt.     Mean  coclKdrut. 


Wogd-BpLrit. 


Pmel-oil 


Alcohol   

Brumid'C  of  etltjrl. . 


Bromide  of  mtthyl , 
Iodide  of  cdijl  


ladide  of  methyl  


fitttfric  methyl. ether  . 
Batjric  ether  , 


Ac«tic  cther- 


Acttic  methyl-ether 


Tcrchloride  of  iihoipborui , 
Tnrbi^iide  of  pbo^phonu  . 

1»  ir  • 

Terdilorids  of  ukhIc  

Bicklciriile  of  tin  r.  

Blchloridi!  of  tltinlum.. . . . 
<•  It     •  I  ■  ■  » 

■  ■  >•     1  •  ■  <  < 

Chlftrid^  ofiiliriuin. ...... 


-  350 

0-0 
63-0 
0-0 
100-0 

i3t-n 

-  .1fl-0 

0-0 
78 -.1 

-  30  0 

n-n 

0-0 
13'0 

-  301) 

70- n 

.  3&  0 
00 
43'S 
(J-0 
1II2-I 
00 
IIS'O 
■  40*0 
0  0 
71  H 
.  30'0 
O'O 
.19 -5 
O-O 
■3»M 
0  0 
lOO'O 
175-3 
.10-0 
00 

aa-0 

0-0 
IE  5-4 
251> 
0-0 
IM-fl 
*0  0 


0  001 
U'OUl 
O'UftI 

O'OOf) 
OOOl 
0  01)1 

fl'onn 

001)1 
O'UUl 
0-001 
(9-001 

0-  001 

01-  HOl 
0001 
A-OUt 
0-001 
0-HOl 
0-001 
O-OOl 
OflOl 
0-0  01 
0-001 
0001 
0-001 
O'O  II I 
0001 
O'OUl 
O'Ofll 
O'OOl 
000! 
O-OOl 
O-OOl 
O'OOCl 
0  001 
O'OOl 

o-ooo 
o-ooo 
o-ooi 

OOOl 
O-flOl 
0  001 
0-000 

o-ooo 
o-noi 

D-OOt 


100 
185 

■191 
8S0 
330 
Mif, 
941 
OlS 
3-17 
290 

5-10 
IIS 

S5!l 
01 H 
U2 

^B0 
08  s 

m 

239 

;j6 

202 
hU 
029 
25  B 

132 
2  OA 

68  r 

128 
589 
847 
OOB 
U'J 
02& 
979 
S.I.'V 
10) 
132 

G-i; 
8;(i 
'm 

3&7 

t32 


733 
570 
250 
Oil 

7sa 

630 
576 
277 
628 
Oi>0 
2  JO 
038 
010 
2il 
3U 
098 
591 
93s 
806 
201 

m 

408 
lOS 
496 
623 
S59 
■154 
434 
fil9 
242 
205 
780 
&00 

an* 

073 

490 

sot 

37« 
941 
5-i9 
899 
13!> 


0-001 
I  0-001 
OMl 

O-OOO 

0  001 
O'OOl 


O'llOI 
0  001 

41-001 
O-OOI 

0-001 

0-00 1 

O-OOl 
O-OOl 

O-OOl 
O-OOl 

D-OOl 

O'Ofll 

0  000 
O'OOO 
O'OOO 

n-001 

0001 

O'oni 

O'OOO 

0001 
0  001 


141  Ml 

329  741 

0«B  »60 

104  Ml 

997  311 

19& 

2G9  122 


O'OOl    440  731 


493  €93 

OSS  934 

263  61)7 

lfi4  7» 

St?  13» 

440  m 

439  &71 

142  600 

489  001 

232  491 

4S4  t» 

307  3U 

»1«  24» 

991  664 

140  53« 

113  94) 

33H  PSS 

909  4» 

142  034 

272 


EXPANSION  OF  LlQUll>5. 


SubgUnccB. 

TempeinCureB. 

Tru5 

on 

0-Ofll 

20-1 

U9 

00«] 

973 

592 

0  001 

5li3 

S37 

00 

o-ooo 

fSi 

i72 

100-0 

Vim 

1 12 

iiti2 

0-001 

031 

Ifi? 

!53'3G 

onoi 

205 

^nn 

o-oos 

053 

120 

-  30  0 

o-noi 

OH'4 

(M 

0  001 

09£ 

836 

0-0 

0001 

US 

S3-2 

U'UUI 

O'OOl 

Oct 

Jin 

20-Oi) 

0  000 

962 

C96 

lOO'O 

U'OOl 

182 

IBl 

D  001 

094 

i:i2-c 

onoi 

1^3 

206 

0-001 

117 

SI3 

-  ?'U 

0001 

OIti 

[I2T 

o-ooo 

970 

234 

00 

0  001 

oris 

18C 

0-001 

318 

07? 

0001 

Ifl? 

073 

_  8-0 

O-IIGl 

811) 

917 

O'OOl 

737 

142 

_  25 -84 

0-oni 

496 

377 

Sulphite  of  oxide  af  etbjt  . . 

y-0 

0-000 

479 

»                    M                  11         ■  • 

100 -0 

O-UOl 

as? 

73y 

0  001 

912 

>•  (f 

160-3 

O-OOl 

725 

O'OOl 

2oa 

933 

It  w31  beoeeti  fmm  this  table  f  1)  ttiit  for  all  the  aivivc  liquids,  botli 
tli^  Inean  ami  true  coetH^rientfi^  of  4!:c  puns  ton  iiicrfiue  wItL  tlie  t<0iupcrfl' 
tare:  (2)  that  for  teiniicratn rea  aljove  0"^  the  true  coefficient  ia  greater 
than  the  mean,  whercaa  bclnw  0^  it  ia  leas;  (3)  that  the  true  cnt'fii'uient 
incmtaeti  more  mpiilly  thiin  the  mean. 

Id  ihe  fuUowing  tabic,  the  volume  of  llio  liquids  at  their  boiling 
point  ia  taken  Fi^r  unity,  niid  the>  cbiiagea  of  vulainc;  arc  given  for  all  the 
iiquide  at  ctjual  disLatiwis  from  tUcir  lioilidg  jmiuts.  At  tbt  heail  wf  eftch 
culiiTiin  is  given  the  boiling  |Miii]t  of  the  Irtjuid,  togpther  with  the  baro- 
iiiL'tric  pr^saure  at  tho  tiliio  of  oWrvatiou. — Tht  resulta  dctailpJ  in  this 
tabb  are  of  especial  Siiipiortance  in  comiection  with  the  eqnivalcnt  va- 
lumoa  of  the  several  liijuide;  Eince,  acconling  to  Kopp  am\  Hubriiiior,  the 
etjuiviitent  vnlumes  nf  liquitla  shonlJ  be  cunipored  at  tompemturea  equall7 
distant  from  their  boilitrg  puinta. 


NuiJibcr  of 

belui* 

boiling 
point. 

Wood-ipirit 

B  P.  ae-so 

Ak-obol 
B.  r.  7S-3° 

B.  P  131  ft' 
Hw.TSl-Ifl"""; 

AcptolB  of 
MeLbjl 

B.  p.^as" 

liar.  Till  !"") 

Acetic 
Eth«r 
B  F  7*14° 

Butf  rate  of 
Metbyl 

B.  P.  J031° 

0 

1-DOOO 

1 '000(1 

1  '0000 

1-0000 

I'OOOO 

1-OOOU 

5 

o-if!t;is 

0'9'J3-2 

■0-99  i3 

0'9924 

10 

0'9B6;i 

0-95*78 

0-98ti.'i 

0-!K*(9 

0-9846 

0-9B49 

15 

0  9796 

0'9«J9 

0''9H0il 

0-97 7S 

0-9772 

0'9-77 

20 

0'9732 

0'!J7IU 

o-yr37 

0  9703 

0-970U 

0-9706 

2S 

0<96Gd 

O'07O3 

0'9Ct6 

0  flflW 

0-9029 

0'9-fia6 

30 

O'»60H 

O'S<i40 

0-9617 

0  9&ft9 

o-9i>(ig 

3S 

0  9547 

0  OiU'O 

0-95;.9 

o-s^gT 

n-940l 

0-9AO;i 

to 

0-9i36 

0-9503 

0  9431 

0  94^4 

0-9438 

0-S430 

0'94B2 

0-9448 

0'936r 

0'93fig 

D'y3ra 

50 

0-9373 

0  9429 

0-9194 

O'OMl 

0-92!)  5 

0-9312 

0'931G 

0-93:7 

0  9:U2 

0-9213 

0-9233 

0-92&I 

m 

0'92ft0 

0'932.'i 

o-'jsfla 

0  9183 

0-9172 

0-9192 

Bf. 

09206 

0'-9a7S 

o-uaii 

0-9121 

0-9112 

09133 

70 

0-9225 

0-9192 

0-9O6.'> 

0-9053 

O-907& 

«  2 
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Number 
point* 

! 

Chlciridc  of 
AceCjl 

i9.  P-  84  ■Bio 

uromide  ot 
Acetyl 

Cliloride  of 
Silicium 

B.  F  BP^ 

mcblonae 
of  Tin 

P  />.  lt('4Q 

ijicDioncle 
of  Titanium 

0 

1-oooaoo 

1-OOODOO 

1  000000 

roofjooo 

roooooo 

ft  ° 

09  940,^6 

0-fl!*l2;7 

0-994194 

1  in 

111  'i^tJifiKi  n 

U  ^  OdO  I'll 

■  m 
1 

F1-ufil^^i^fl 

U  ?  f  ^  «  if  1 

u  ?o  u 1 ^ / 

p  20 

IT  V/  i  £t£ 

U        1  Do 

^■UQ  1  1 

25 

0'967653 

O-960173 

0-971532 

20 

0' 961 601 

13-9S9J32 

0'U&eO53 

Ti 

u  yutaj 'J 

11  aTu  f  O/  1 

It  yvvvoj 

4u 

A.  nr.  CI  e.1 

ir  t'JlJLP4V 

u  JJiL  UJtO 

U  VA  S  -111  it 

SO 

0-93HA79 

0-945978 

O-9201O7 

0-S52fl51 

0'Si355r>3 

55 

0-94OIIHO 

0920327 

0-9^9 re 0 

0^939635 

fin 

U  ^^/D^ 1 

v  .jO'mJ  Id 

6S 

Ha-  £i>'1  4 

u  17  &  I?  urn 

1  » 

0-911907 

O'M21710 

0'fl969-ll 

0'9a9310 

□■y  07530 

0-91 9S«  4 

I  80 

O-U0GTB4 

0-91 7055 

0  !)2.17Z3 

(l-!Hi2]a2 

0-915044 

1  d 

A.A/lt  TIC 

u  o^^0»  IB 

u  y  i  Uiiir^ 

■  vv 

v  ill <>i7 L^u 

n.oni  fill 

m  Qi. 

U         1 / 1 U 

U  7lJo440 

iLjij  1  1  nac 
IF  y  1  lUo5 

0' 906646 

0-&y«495 

U-p:HIB3B 

fl-&02002 

]  10 

no/ 

ft-  R'HTJ'kR, 

U  O  ^  1  .|  oo 

n-RHT'in? 

115 

0-8Bfl]35 

0-&a3222 

130 

O'Saii-OIR 

0-861(iC9 

0-878923 

I2h 

0'8B4742 

0-8a£8I3 

0-b;4(>84 

^  130 

OS8O170 

0-870505 

0-»76.a22 

0-SJ7188 

0-86e3«3 

Hfl 

0-H  7^0-27 

0-842424 

0-862323 

0-837613 

0'8Sa3t9 

k  ISO 

0-B63717 

Terbroiuide 
of 

Fhoaphorns 

n.  p  1761° 


Terchloridle 
of 


Terchliiride 
oF 
Arstnic 

B.  P.  U1S1=| 


BrotoiiM 


BP.  tap 


SulpLargiiB 

B  P 

[WTSDIS--) 


1-OOflOOO 

O'ffsaloa 
o-'jooaefi 

0-H'854Gr 
O-ff9O705 

0'974!I82 
0-971221 

0-9fi20,'>0 
0-95  74  9  8 


i-oooono 

0-992S76 
0-985971 
0-979272 
0-9725(i7 

0-9fl<i441 

0-9li02UO 
0-951204 
0-918143 
0-94-2725 


inonoro 

0  i(S4-i53 

0'9sha:ii 

0-982970 
0  977-134 

0-9719(57 

0-9f)(IS<"ifi 
0'9(lia32 

0-9fi075l 


l-OOOOOO 
0  !19393fi 

o-'j(t;yj*i 

0-9821416 
0976128 

O-970B22 
0-9fi5287 
0-969375 
0' 941676 
O- 949538 


1-UOOOOO 
0-9911457 
0-987128 
0-9r90';0 
0-971174 

0-Se4270 
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Number 

Tcrbromidc 

TE^rcliloridi! 

Tcrchlaride 

Suljihile  of 

nr  il  mi  |i 

nt 

of 

Bromine 

l>eli>w 

PhoBipbortu 

PhoaphoniB 

Arsenic 

Echyl 

ho  ill  rig 

B.  r.  175.  a" 

B.  P  "ii 

77  F  IM  1' 

fcii'.  700' 2""  1. 

(Her.  7Efl'l'a'").  [iur.TOOOa"") 

i 

.■iO 

0-952975 

fl!l3712Bi 

0-942fi;i7 

fia 

0-94S4D1 

Uf)372G4 

6U 

J*!  .  j~t^  It  r  n  f 

0- 9.14  40ft 

0-U.I1959 

ii-ii'?n<idi 

0  y2ff5 S2 

II  9£iiy  ij 

'i  TIlT 

0'LI24Cli2 

75 

0920J89 

0-916427 

80 

0-926672 

0-905403 

0-SI137S 

0'92  2437 

<)'<in()i1 1 

l>'906571 

If  7U  1 4  tj  1 

an 

0'9141O7 

u  u  toti 

O'.»0193fl 

100 

0-91  QOll 

0-H97351 

o-ttgi7;9 

IDb 

0-9O59&6 

(1-892809 

(I-8S7045 

116 

120 

0-873U75 

E29 

0'aC9540 

130 

ll'H&40fi3 

ISS 

0-859038 

uo 

0  85525^ 

u& 

0-8SO920 

IM 

0-fl4GBa8 

m 

0'«42103 

l£0 

0-838214 

It  win  be  seen  from  tlieao  taljka:  I.  That  a  nearly  euiial  cimtmctioti 
from  the  boiling  point  downwarJs  h  exbiMtcl  I'y;  ^1).  Fw."«?l-uil,  wwhI- 
ejjirit  and  alcoli"! ;  (2).  BrnmiHo  of  ethyl  und  brumido  of  methvl;  (3j. 
Iodide  of  laevliyl  and  iodide  of  clliyl;  (4),  Act-tic  ether  aud  aeotic 
metliyl-etber;  (5).  Butyric  ^ther  and  butyric  niolbyl-ethcr. 

II.  That  this  fi]u:il  CAJiitracUoa  from  the  boiliDg  point  dnwuward* 
dooH  Dot  extend  to  elII  groujis  of  liijuiJa  coQtditiiii^  ft  eotiimtJii  elcmenl 
united  with  difibrcut  isoinof[>Loii9  clcmcnta  (c  </.  chloride  of  ph>()9|>lionu 
and  chloride  of  arsenic),  but  appears  to  bo  confined  to  tho  otliyl  ud 
iiiethTl  eerics. 

III.  That  in  cacb  group  of  liquids  tbe  difference  of  contraotioB 
increasoe  cunEtaotly  in  the  Banio  direotion,  ia  propurtiou  as  tiie  tumpAfSr 
tare  falls  bi>li>w  tho  boiling  ^int, 

IV.  This  dilTerenco  of  vontnvetmn  attitina  in  Homo  ca«ee  a  very  oomi- 
derablc  mcLgnitudo;  f.g.  in  tbe  groiip  cc>u§ietiiig  of  tho  bromide  and  ohlorMv 
of  ailicium  it  ttmoiint^  lo  half  the  lotui  pxpiiriBion  of  one  of  liqnttU. 

V'  III  each  ^Tuup,  the  li^juid  wLich  baa  the  lowest  boiling  |Niiiit 
cxponda  and  contracts  tho  must.  Tliis  observation  must  not  howover  b» 
extended  to  Uij^uiJa  belonging  to  dilTereiit  groiipa. 

Kopp  liae  also  piibliebed  an  elnbomtc  vsrim  of  roaearcbee  oa  thn  «x- 
ptDKioD  of  liauidfi.  {Pogq.  72,  1  and  122;  ab-itr.  Ami.  Chnn.  Phtrm.  6i, 
212.)— The  foUowiDg  are  the  res^ili^  obtained  n>it|j  rv||;ard  tn  the  expaa- 
noa  of  water,  the  TolHine  o-t  0'  (►eing  taken  for  imity. 
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TeiB|i, 

Volumt. 

Temp. 

Volnmo. 

Teniip, 

Volume. 

0" 

14° 

1-0011556 

40° 

1 -0117^31 

1 

15 

1-000695 

4& 

1  ■001)541 

2 

16 

SO 

1-01  uefi 

3 

17 

i-u«tmu 

bh 

l-OI-tUHl 

4 

IB 

1-001184 

io 

lOlfiS'JO 

5 

19 

1-001370 

1-019302 

6 

20 

1-001567 

70 

1-032246 

7 

21 

1001776 

75 

1-025440 

6 

0'9!l9»tj6 

22 

1-00 11)95 

80 

r02H581 

9 

I-0&IIUJ8 

23 

1  002225 

HB 

r031H94 

10 

1  000124 

24 

1-002465 

90 

1-035M7 

II 

l<H>0ai3 

26 

1-002/15 

95 

I  039094 

U 

1  00031 4 

30 

1-004061 

100 

1-042996 

13 

1-001)429 

3& 

100&li9- 

Tbo  tixpaufiioDS  uf  the  other  liquids  examined  by  Kopp  arc  given  in 
tlie  fpUowing  tMd,  tine  voluui-e  of  each  liquid  al  0'  0.  being  taken  im 
tiiiitj.  Tlie  deneities  (=  d)  reduced  to  0^,  and  the  boiling  points  under  a 
|<res8ttre  corresponding  to  760'""  or  2[t-92  iijc-lies  of  tie  barometer  arc  also 
g^TBH  at  the  boada  of  tLe  reapeotive'  coluuiua.  IT. 


J 

J, 

.s  4c  «n 
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Linear  exponsiuD  of  Soiid  bodia  when  hcatod  fruui  0"*  to  100°  C* 


Black  moiblp  (Lucullitc)   0-00035300  ^  Duqd  &  Suk 

C«rr»M  miirhLe   0-(Htnft370O  =  „^ 

Wliitcglauintaba   O-00Otl94>g'4  =  ^    Lavoiuor  «>  L*pU««> 

Flint-BlaB*  ,   0-00«en66  =  -r^j        „  ,. 

eiBribenffin   O-0O083OO0  =  D>ltDa 

Brown  Fsyieaoe   0  00040000  =  (jki  " 

Antimony  0  00108333  =  SmaWn 

Bi^mntli   0-00139167  =  ^ 

Zitjttfeul)   0-00294167  = 

•^(bammtnd)   0-003108,(3  =  ,1^ 

M«l«mitln    .          0  0019^765  ^         Lnvuiiicr  &  L^plMe 


*  TUi;  tiaeu  Hfuuiua  of  h        umliijilied  li;  3  givea  Uu  capuuioD  in  toIbbw,  nrf 


EXPANSION  OF  SOLIDS. 
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Lead   0  00281838  —  jj]  Lavoisier  &  Laplace 

Icon  wire   o  noiZ3M14  =  ^,  „  ., 

Copper   0  0017173:)  =  J,  „  ., 

Srani  nire   0-00303:^37  =  ^  Sm-Moa 

SilTcr   O'0fll908GB  =  j)j  La^oiwer  &  LapUce 

Gold    0  00155155  =  jj^  ,.  „ 

flaijnuQi   ,  0-0005918     =  f}^  Troughlon 

FvIiUdLum   0-COlOOUO    =  WoUmtoa 


Cryatats  not  belonging  to  the  regular  sj-eLcm  exhibit  wlien  liKLted  an 
uueq^ual  expansion  in  tlie  direction  of  tijeir  axes,  in  consequenoe  of  which 
the  magnituile  of  tlieir  angles  becoincH  alttircJ  (Mitaelierlichj  I'offff,  1, 
125;  10,  137).  In  crystals  belonging  to  Ibe  right  priamatic  syBtom  tbo 
expaasion  ia  dijTeront  in  the  direction  «f  all  three  axes;  in  arragonite,  on 
raiamg  the  tepipemture  frutu  0  In  100"^  the  inclinatiuu  of  the  Iftteml 
fuces  increases  by  2'  46",  uml  that  of  the  tcrtnitial  faces  diminiishcA  by 
5^  29";  gypHuui  is,  acconlihg  to  Fresntl  (/lull,  des  Sc.  Malhem.  1824,  100; 
also  Po(jf;.  2,  lOB^,  more  erpandeil  by  heat  in  the  directiiin  of  the  prin- 
cipal asoB  than  m  that  of  the  lateral  axes, — In  cryattils  bolonging  to 
the  rbombohedral  system  the  oxjisndion  ie  the  same  in  tbu  dircotiona 
of  the  three  eecondury  axes;  but  liifTerent  from  that  acoonling  to  the 
principal  axis.  The  ohtuae  anylca  of  tlio  primitive  rhombuhedron  of 
ealc^tpar  diminish  by  Sj'  when  Che  crystal  itt  heated  100^  and  the  acuta 
angles  increase  by  the  same  quantity.  Hence  it  may  be  calculated  that 
the  relative  expansion  of  the  priueipal  axis  (cuniparea  with  tho  secourlary 
MBs)  amounta  to  0*00342;  moreover  since,  according  to  Mitwherlich  and 
Dulong,  th^  cubical  expansion  of  calcemr  between  0'^  and  100'  is  only 
0'00196l,  it  may  likewise  be  determtncd  that  calcspar,  wbcii  Ihua  heated, 
doca  not  eipand  iu  the  direction  of  the  secondary  axes,  but  tanti  act*  by 
O'OOOSG,  and  that  the  ahsolnte  expansion  of  the  principal  axis  may  be 
cetimat^d  at  0-00286. — In  bittcr-ejiar,  the  obtuso  angle  of  the  primitive 
rhonibohedroQ  diuiiniehea  when  the  tomporalure  \s  raised  from  0'  to  100* 
by  4'  fl";  in  ferruginous  bitter-aiiar,  by  3*  29";  in  iron  epar,  coatainiuj'  a 
coueiilerable  quantity  of  manganese,  by  3'  31";  and  in  pure  iron  epar,  by 
2'  23".  Since  now,  among  all  these  minerals,  calcepar  forms  the  loaat, 
and  ferruginous  hitter-s^rar  the  most  obtuae  rbonibobedron,  it  fullowe  that 
the  expaasiun  in  the  dlrcctiou  of  the  principal  nxis  does  not  increase  in 
th«'  eamo  proportiou  as  the  relative  length  of  the  axiA  itself  diminishes. 
(Milscberlich.) 

The  alloy  of  2  parts  bismuth,  1  part  tin,  aad  1  part  lead,  expands 
when  heated  from  0°  to  44*  C;  when  atill  further  heated  it  contracts,  ao 
that  at  50°  ita  density  is  the  same  as  it  waa  at  0°,  and  at  60^  «till  greater; 
beyond  thia  tomperatnrc,  expansion  again  takes  place;  at  87'5°  the  alloy 
h3«  once  more  the  same  density  as  at  0° ;  and  at  9  4^,  at  which  it  fuaesj  the 
same  as  at  44'',    (Emian,  Prujff.  9,  557.) 

For  an  account  of  H .  Schroder's  attempt  to  discover  a  relation  betwoon 
the  equivalent  volume  and  the  oxpaoaion  of  bodies,  eee  Po^g.  52,  282. 

IT  Messrs.  Playfair  &  Joidc  have  lately  made  some  experiments  OD 
the  expanBiou  of  salts  and  other  jiuUd  bodioa.  {Qu,  J-  of  Chem.  S<x.  I> 
121.)    The  reeults  are  as  follows: 
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Name. 


Forinulia^ 


Ci>pj>er  (  ftdkced  by  hydrogen ) . . . . 

Ryd  Q%\Ae  of  mercory   ■ . 

frotoiidc  of  lead  

Aed  oiide  o  f  mOjigimeu  >........ 

Peroxide  of  tin   

Sulphum  of  Iftod   

ChlDriJe  or  potrtwiunt  

Clilonde  of  barium  

Chloridci  of  nniiDOTiiuin  -  ■  

Kitnt«  oi  «odA  

Nitrate  of  potmh  

Ditto      (is  largt  crtftlaU)  .... 

Ditto     (jTwff'y  pow^erf^  ,,,, 

Nitnte  ofleAd  

Nitrate  of  borjta  

Chlorntf  nl  ]Mitash  ..,  

ChrontAte  ot  potuk  

Ditto     (in  fine  tmalt  erpttaU) 

Bichromate  of  potuh  

Bichromitc  cf  chloride  of  potAasiuni 

OuLc  acid   ........ 

Oxalate  of  potash  

IjilifiKiilatf  tit  polaal)  ,,,, 

QwdroiaUte  {if  potuh   

Oialale  Of  ammonia  ..........i.. 

fimouiiite  of  aminuma  

ftukdroxoUte  aFamEDDdiL  

Snlpluto  of  potub  

Biaolphate  of  potaih   . . 

SitlpMtV  pf  ammoula  

Sniplutfl  at  copper  

II  II  ......  

tJ  M   - 

Galphale  of  iran  

SoljibnU;  of  nmgneei*  

Su1|>hiLte  of  copper  nod  aminoniv  , , 
Sniphfttc  of  copper  and  jmtuh  . . . . 
Sulphatf  of  Ria^f'ika  uid  potash  -. 

CliTonie  idum  

Potnlh  nlum   

Sulphate  of  sine  and  polanh  . ,  . , . , 
SulptuiU  of  lua^esLa  aad  ammonia 

Cane  (u^nr  ,,,, 

SugVT  of  oulli  


Cn 

pbo 

Mu'  O' 
Sn  0« 
Pb  S 
K  CI 

BaCi  +  m  o 

N  H*  CI 
NiO,  NO* 
KOfNO" 


Pb  O.  N  0» 
Ba  O,  N  0> 
K  0,  t  |  0> 
KO,  CrO» 

K  O,  ict 
KCl.aCrO' 
HO.  C"tP  +  aHO 

Kq,  c«o»  +  HO 
K  O.  SCO'  +  3H0 

KO.  4C*o*  +  ;ho 

N  H'  O,  C  C)«  +  H  O 
N  H*0,  2C*0=  +  3H  O 
NH*0,  4C»0'  +  ?H0 

KO,  SO> 
KO,SO»  +  HO,  SO" 
NH-0.  SO*  +  KO 
CuO.  SO"  +  SHO 


FeO.SO»  +  7HO 
MgO.SO'  +  7HO 
Co  O,  S  O"  +  N  H '  O.  S  O'  +  ftll  0 
Cn  O.  S  O"  +  K  O.  8  0»  +  6  H  O 
MrO.SO"  +  KO.SO'  +  OH  O 
Cr"  0»,  3S  O'  +  K  O,  SO'  +  S-l  H  O 
Al«0»..lSO"  +  KO.  SO»'2m() 
Zn  O,  S  O"  +  K  O,  S  O'  +  OH  O 
Mg  O,  S  0>  +  N  U*  O,  S  O'  +  SH  O 
C'»H"  O" 
Ci"H'"0<* 


0-tKi;67 

Q-0O522 

0-00172 

0(VI04S 

0-0IVM4 

0009873 

0-0191 

0-0120 

0-0I9S7 

0-01  TUT 

O-OIWH? 

0-00ti3!l 

0-IH)'1523 

ooiri  12 

0  0)134 
O'OI 100& 
0-0122 
0-OI&903 
00274;S 
U-01162 

001  IMS 

o-on»i$ 

0-00876 
n-0M7l« 
0011317 
001U697 
0-01 22&7 

0-01  nvu 

n0IK)31.S 
0'UOR12 

0-01  m 

0-01019 
O'OOCGIIS 
O-OOtKMI 
0O0'.W72 

0Oi036!ia 

0  0«7l«l 

a  oiiiAo 


Of  tlio  ihreo  Bpecimene  of  anipbato  of  Cf^pper  mentioned  in  tbe  pro 
ceiliDg  4nli]e,  lUa  tirxt  und!  tLinl  were  prcpa.ml  for  expt^rinnjot  by  jwuti'i' 
Ltig  tM  salt  fiiifily  ftn<J  pr^efitiji;  it  butwwTJ  foJds  of  bibulous  paptJ-.  Th* 
second  WH£.  in  email  crystals,  obtiun^  by  fitimiig  the  rupreous  solution 
wbilo  cooling:  it  CO'Dldined  ratber  more  tlian  h  rqiiivnloois  of  water. 

TliP  expansion  of  oxnlio  nciJ  appears  to  bo  gfoitter  nnd  th&t  of 
peroxide  of  tin.  lofts  tliAn  thbt  of  aaj  other  aclid  yet  eumined.  1. 


Sinro  olfwUt-  Buids  nrp  in  wo  many  nwpwrta — particularly  wtlh  rcgaid 
Qir  cuiiiliiiiuttgii  in  i'cjiiaJ  jinhpchrliuiiti  by  voliimfi — tlti^  most  DonmJ. 
fCM  in  exiatvncv^  aiurc  tliey  appear  tc  pveacas  uo  cvlieaioji,  vrhi 
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Ml 

i 


force  prolwbly  orcrta  a  disturbiug  actiua  on  the  expansioD  bj  beat  of 
liqnidB  and  solids ;  i<inc(?  a^in  they  all  expand  in  tbo  same  ratio  bchvcoti 
the  eiiiue  limits  nf  temperiktiire,  it  may  in  a.11  prtvbability  b«  etippoatd  thnt 
their  oxpaD^ioD  ih  likewise  ufii/oim:  that  is  t»  eay,  if  the  i^UliLion  of  any 
given  c^uantity  of  heul  lia»  produced  an  expansion  of  O'OOl  for  example, 
the  addition  of  a  Becoud  equal  quantity  will  produce  an  inereusQ  uf 
exactly  O'OOl  gf  the  first  volume.  Tbis  being  adniitte<l,  it  is  foand  that 
bU  ulhcr  bodie!!,  wheu  their  expansion  is  cuiiiparod  with  that  of  air, 
exhibit  a  variable  expunsim,  itiasuiucb  as  the  expaneion  produced  in  tlicm 
by  ei|ua)  incrsmonts  of  he»t  is  greater  at  higher  than  u,t  lower  temjiem- 
turea.  If  tbe  increase  iu  volume  which  differi^nt  bodioa  undergo  between 
the  tctupctaturcs  of  fn!e);ing  and  boiling  wiit^r  be  divided  into  lOO  erjoaJ 
parta  or  degreea,  it  will  be  futuul  that  wbeu  these  several  bodiea  are 
further  heated,  their  oxpansiona  will  he  expreaaed  by  difleient  numbers 
of  Huch  partfi,  and  in  tbe  following  proportion: 


According  to  Dillong  And  Pctilt 
Air.    Mercury,    Flutiituai.     Cuppe^r.  Iron. 


0 

101} 
150 
200 

3CH) 
350 


100 

151-3 
204 '6 

314'I5 
3  SO 


inn 


311-6 


lOO 


329-B 


inn 


372-6 


GlSBS. 


100 


3S3-1} 


Accdfduig Id  Riidberig. 


Air 

Mer-eury. 

-  3S-96 

-  3fi 

0 

0 

+  SO'O-l 

+  50 

100 

ion 

198-61 

294-73 

300 

Du3onc  and  Petit  estimated  the  expanaton  of  air  at  0"375  fpaf^o  224)j 
Rudberj*  (Jakmnber.  tfi,  44),  from  h'm  own  experiments  determined  it  to 
bo  0  364;  this  however  will  not  explain  all  the  devia^ious.  {Corny. 
Pambour,  Compi.  rend.  12,  fi55;  also  F-ff<j.  53,  234.) 

Expansion  by  heat  serves  as  the  baaia  of  most  The)-mf<mrterif  which 
are  used  to  nicaaure  the  lower  degrees  of  temperRture,  and  of  J^i/i-oth tiers 
by  which  higher  temperatores  ^re  indicated.  Since  gases  and  vapours 
are  the  onl^  l>odiea  wliose  expansion  ia  unifurm,  tbo  ordinary  tbemio- 
tnctere,  which  are  filled  with  mercury  or  epirit,  caiitiot  pive  tlio  true 
teiripcriiitiitc  exactly,  hut,  on  the  contrary,  always  nmbc  the  higher  tem- 
peratures Liicj  great;  moreover,  thoy  do  not  agree  among  thcniBelves. 
(The  reduction  of  the  degrees  of  a  mercury,  platiuuiii,  copper,  or  iron 
thcnnometer  Is,  to  a  certain  extent,  given  iu  the  preceding  table.)  Again, 
in  using  fluids,  the  expanaiun  of  the  glnjsH  in  which  they  are  contained 
muft  be  taken  into  eonsiilcratiun,  since  it  inakeE  their  apparent  hka  than 
their  real  expansion;  and  sinee.  aceording  to  the  ahuve  table,  the  ex- 
pansion uf  gliiss  at  bijih  temperatures  incroose-s  much  more  rapidly  than 
that  of  goeeg,  the  eiTor  of  the  mercurial  thennuineter  is  to  »  certain 
extent  corrected  by  this  circumatancc.  Bollftiii  {Bncjn.  Giat-n,  1-5,268; 
IS,  217  and  294)  has  likewise  ehown  that  the  bulbs  of  mercurial  ther- 
mometers geiierallv  contract  in  the  coarse  of  time,  so  that  when  they  are 
imuierscrl  in  meltmg  ice,  the  meicury  stands  from  J"  to  1°  H.  above  the 
freeziag  point  previously  marked;  an  effect  which — ae  observed  hy 
Fiaugerguea  (Ann.  Chitti,  Phys.  21,  333)  and  hy  Aug.  de  la  Rive  &■  F. 
Marcut  {BiU.  vniv.  22,  SitS)— may  be  attributed  to  the  pressure  uf  the 
external  air  an  the  bulb  of  the  thermometer,  inaamuch  as  there  is  a 
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vocuum  in  the  instrument  above  the  mercoiy.  Vi/L  aleo  Von  Yel' 
{Kaatn.  Arckiv.  3,  109),  Kiinitz  {Sehw.  40,200),  Egen  {Pcgj.  11,  27«» 
335  and  517;  13,33),  Legrand  {Ann.  C/tim.  Ph^».  63,  30fi),  De«pret« 
{Ann.  Chim.  P/iffs.  64,  312j  a.\ao  Po^<;.  41,  58),  Eudberg  {Po^ff.  40,  3 
and  102),  and  Heurici.  (Poffff.  50,  251). 

IT  Person  has  found  that  when  tbermometer^  are  exposed  to  tempe- 
mtureB  above  SW  or  thereabout,  the  shifting  of  tbe  ^ero  poiut  'a  much 
greater  than  bfis  been  hitherto  supposed.  Desprets  had  found  it  to 
amount  to  half  a  de^rree  in  4  or  5  years  under  ordinary  eircumfitanoes. 
Person  6ndfi  that  at  the  temperatures  just  mentioned  it  sometimes  reaebet 
from  12"  to  17"  in  a  few  hours.  (Pogff.  65,  370.)  IT. 

In  Xhe  coinnum  A  ir-fhmnomder,  the  air  is  enclosed  in  a  glaea  bulb 
having  a  tube  attaebed  to  it,  nnd  the  tube  is  closed  with  a  drop  of  eome 
liquid  not  ea^Uy  volatile,  Bueb  na  oil  of  vitriol.  (Oay-Lue^c,  Pogjf.  27, 
435;  PoniUet,  Po!/^f.  41,  144.)— In  tbe  Diffo'ential  TAervtomft^r  or  PAo- 
lovieter  the  air  is  contained  in  two  g\f\^  bulbs,  connected  by  a  tube  bent 
like  a  a  small  quantity  of  liquid  contained  in  the  tnbo  is  driveti  bacfc- 
wardj  and  forwards  aceoi-d itigly  afi  one  or  the  other  of  tlte  bnlba  i9  more 
strongly  heated,  and  thus  shows  differences  of  tempcratnre,  but  no  exoOl 
degrees.  If  one  bulb  is  covered  with  larti[>- black,  and  the  other  with 
gold  leaf,  the  former  becomes  more  strongly  hcateil  by  exposure  to  U^^t 
than  tbe  latter,  ami  thus  the  inntrument  serves  to  nienflurc  ths  intensity 
of  light.  (Leslie.)  The  differentiul  tbcnnometer  posaeet^s  fltill  greater 
dclinacv  when  filled  witli  vapour  of  alcohoJ  in  ooutaet  with  excess  of 
akohol  instead  of  air.  (Howard.) — Tbe  Air-f>j/romeier  le  a  hollow  sphero 
of  plattwLiu  fitted  with  an  eBcape-tuhe,  The  hotter  tbe  fire  to  wbicb  the 
platinum  vessel  is  exposed,  tbe  greater  is  the  quantity  of  air  driven  out  of 
it,  and  this  Ifl  received  over  water  and  measured.  (Pouillet,  Poff-^.  39, 
367;  aleo  Element  de  Phy»iqite  ft  de  M^t^orohijie,  3""  Eil.  torn  I.  p.  351.) 
^The  mercurial  tbermomcter  serves  for  tempemturca  between  +  350 
and  —  38";  the  sidrit-tbermometor  from  +  70^  to  the  greatest  known 
degree  of  cold:  for  alcohol  has  never  ^et  been  frozen. — In  Breguet's 
tallie  7'hernitmeter,  three  vyry  fine  strips  of  platinum,  gold,  and  pilver  aw 
laid  un  one  another,  and  wound  into  a  spiral,  which  becomes  twisted  by  tbe 
unequal  expant^icin  and  contraction  of  tbcsc  metala  arising  from  ebsngei 
of  tem[>erature,  and  gives  motion  to  an  titilex :;  this  inetrunieut  serrea  not 
so  much  for  exact  nLea«urenieDt  of  tem|iera,tures  us,  ou  account  of  ita 
thinness,  for  the  detection  of  very  transient  changes  of  tempereturo 
CAnn.  Chim.  Phys.  5,  312;  more  shortly  in  Schw.  20,"  465.) — The  Mrttd 
F^rOnwtcr  conaiBts  of  a  bar  of  silver,  or  fur  higher  tcnijwmtur©  of  plat^ 
Qilln,  Calltd.jned  iti  a  tube  of  porcelaio,  or  of  clay  tnlxod  Wltb  black  leatL 
The  metallic  bar  ex^iamU  more  strongly  wlien  heitt<C4l  than  tbe  clay,  nnA 
give*  motion  to  an  index  traverain^!;  a  graduated  arc.  {Vid.  DauieU| 
Qa  J.  (,f  Sc.  12,  309;  abstr.  Sche.  3L',  497.) 

lieauinTir  divides  the  interval  between  the  temperatures  of  malting 
ice  ami  boiling  water  into  80,  Celsius  into  100',  Delrsle  into  1.50,  ua 
Fahrenheit  into  IRO  er^ual  pnrt.i.  The  first  twfv  place  the  zero  at  tho 
teniperatnre  of  melting  ice,  l>elit<le  ni  the  boiling  ]ioint  of  water,  Foltren- 
heit  32"  lielow  tbe  melting  pwint  of  tee:  9'  F.  ™  7  3"  D.  =^  5^  C=s  4'  R. 
A  corrcx'tion  niu«t  be  made  for  the  diiferout  poeitioQs  of  the  sero. 

*  The  teinpcnluret  giTPn  in  Uiis  sorL  t»cp|it  wlieD  ntiierwise  (])vclall;  mm 
re/irr  to  thv  CeQiifn»<Iv  w^k. 
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How  many  degrees  Fall.  =  273"^  Cels.?  Acoordtng  to  the  tablfl, 
270°  C.  =  5 1 H  F.  ;  thB  3'  C.  over  are  equal  by  d.  to  Fab. ;  ami  these 
added  give  ;*18'  +  5'4°  =  523-4  Fab.— How  many  dogreos  of  Cols. 
=  67C  Fab.?  By  the  table,  671^  F,  =  355°  C.  j  aiiJ  hy  J.  S'^  F,  =  2-7r  C, 
therefore  together  07  V  F.  =  355"  +  2'7r  =  35778"  C. 

Wadgewowd'a  }'yromcter  rlepeiids  upon  the  coatraction  of  cylinders  of 
clay  at  high  temperatntfls.  The  firftt  de'g;ree  W,  corresponds,  ficcording 
to  Wcdgowood,  to  5as°C.j  and  each  degree  \V.  \6  equal,  according  to  the 
eamc  authority,  to  72"  C.  According  to  Gnyton-Morveau,  on  the  other 
band,  tlo  first  degree  W.  correepumla  to  270"  C,  and  each  degree  W. 
equal  to  only  34"  C.  This  pjTo-iueter  apiieara  to  give  but  Tcry  uncertain 
indioitions,  the  inaccuracy  arising  cliieHy  frum  tbie  circiirastanee — that  tLe 
clay  eyiindcra  contract  ae  much  at  a  low  ml  heat  continued  for  bouio 
time  ii£  at  a  oior^  powerful  beet  iBustAiDOnl  bat  fur  a  sbort  iini6- 

Prinaep  {Ann.  Chim.  Phys,  41,  247)  niakea  alloys  of  ailrer  and  gold; 
ten  parts  of  wliich  contain  1,2,3,  4,  5,  G,  7,  8,  or  9  parts  of  gold ; — find 
for  v&ty  hig'li  temperatures,  alloys  of  gold  and  platinum  containing 
H8,  37,  &o.  per  cent,  of  gold;  they  are  made  into  flattpoed  buttons. 
Theee  allo^a  he  places  in  eeparate  cupula  in  the  :fire  whoae  etrength  \s  to 
t>e  deterniiued,  and  oacertaiinij  wbieh  of  tbem  are  fused.    From  r  com^ 
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mtiro  eBtrmation  with  an  &ir-pyroiiicter  tiiaile  uf  goU,  h  appeure  Ibal 
eilvor  melts  at  asg^C;  3  parts  of  silver  und  1  of^oUl  al  1049'  ;  8  eilvflC 
auJ  2  gold  at  1070";  G  silver  witli  4  ^'ohl  at  lOSfl';  aud  3  silver  wi(l( 
7  ^old  at  ]37^^    An  ntloy  containing  ,'30  parte  gold  and  70  platiDum 
iufueible  even  in  the  strou^et  btust  furuELce. 

7,  Heat  imports  to  munj  pondcrabte  bodies  particular  colours  which 
vary  accofidjng  to  the  iiuantUy  of  h«B.tcoDt!iiEieJ  m  the  boJica.  Whcrn-rer 
BUcLi  bodies  arc  Leateii,  they  ibsaiimc  coloiif  different  from  tliat  wliieli 
diiitinguishea  them  in  the  cold;  but  on  cooling  »«;riLD,  tlie  iiriginal  orkli^iir 
reappears.  Thia  changa  of  colour  is  not  aefompaniod  hy  any  chemical 
change. 

'ITiis  appearance  is  presented  by  thfl  following  liquids,  and  hy  tlio 
uuder-uientioned  eulida  m  the  eta-ta  of  pijwder. 

Sulphur,  which  at  ordinary  tetiiponiturcs  is  pole  pellov,  aofpire*  a 
brnwiii§h  yellow  colour  when  faeatud  juet  below  its  melting  jxiint,— 
Hyponitric  acid  is  colourless  at  —  20°,  pa,le  yellow  at  0",  orange  yellow 
at  +  20^,  and  its  vapour  becomes  darker  the  hotter  it  ia.-— Titftnic,  tftD' 
t&licAnd  niolybdic  acid*,  wfiidi  are  wliiteat  cfiiiiinoti  temperaturea,  become 
of  a  lemon-yellow  cohinr  when  they  are  heated;  lemon-yellow  Inn^ie 
acid  becomofl  omngtt-ycnow  when  heated, — greeo  oxido  of  cliroitiiora 
beeomca  brown, — orange-coloured  chromic  acids  ""^d, — pale  grey  anhyjrotw 
tereolphate  of  chromium^  peach-bloesom  colour, — lemon-yellow  ncatral 
cbromiUo  of  potash  or  soda,  aurora-coloured, — orange-coloured  bimlphurei 
of  arsenic,  red  brown, — lemoa-yellow  ter&ulpliiiret  of  ar^enip,  of  a  cqIom 
Varying  Trom  orange  to  red  brown,— white  oxide  of  antimony  and  white 
atitibioiiiuus  aeid,  lemon-yellow, — pale  yellow  antitnutiic  acid,  brownish 
yellow, — leraon^yellow  oside  of  binniuth,  of  ft  colour  varying  from  oraogs 
lo  red  brown, — very  pale  yellow  oxide  of  zinc,  lemon-yeMoWj — r>mn^ 
yellow  sulphoret  of  cadiuiuni,  first  brownish,  then  crimaun  red, — yollowi^ 
white  peroxide  of  tin,  omnge-ycllow, — ^yellow  oxido  of  lead,  brown-red, — 
flcarlot-red  iniriiuni,  violet- coloured, — yellow  ehromate  of  lead,  brownisb, — 
brown-red  peroxide  of  iron,  dark  browti, — eolourles^  aqueous  solution  of 
aeiJ  pcniitraffl  of  iron,  reddi&h  yellow, — red  eiib-oxido  of  copper,  brownuii 
gtey,— brownish  black  protoxide  of  copper,  deep  black,— tilc-red  nXido  of 
©roory,  brofc-nialj  black, — scarlet  cinnalmr,  catmine-red, — whfte  proto- 
Iphate  of  raercuTT,  firat  yellow,  then  red, — yollow  bfksic  protonitrate  of 
Biercuiy,  red, — andyellnw  di-iodidc  of  mercnry,  reil. 

Ekvation  of  temperature  tlicu  always  imparts  a  darker  colour,  mni 
generally  yellow  or  brown.  Sehonhcin  {Pa^ff.  45,  2fi3)  eugeests  that 
neat  may  produce  an  Incipient  dceoinpoeition,  which  however  dow  not 
AO  far  A»  tbe  reparation  of  any  of  the  elemeute;  thus  red  oxide  of 
morenry  niny  when  hented  aji^iime  the  brown-black  colour  of  the  ^ulmxidct 
from  losine  a  part  of  its  oxygen,  which  however  is  retained  in  a  peculiar 
manner  tn  llic  m^f, — and  ao  forth.  It  ia  not  however  every  ehango  ol 
colour  that  will  accord  with  tbiit  hypothesis. 

The  beat  which  diffuEeti  itself  through  pondorablo  bodies  acrumu- 
tes  in  theni  tn  qunnlitict^  which  dilTer  according  to  their  peouJiar  nataro, 
•rliAtber  wo  compare  them  with  royanl  to  weiijbt  or  vijlamfl.  Differetit 
bndies  require  different  iptantities  of  bent  to  raise  their  tem[>cmtur« 
ei|ually,  and  diseiigAjKe  uneijual  (junntilies  of  beat  in  rn<diug  throuch  Um 
~mc  Dumi>erof  deRrci-h  of  toniporaturc.  This  different  CnpticHg  of  DodiM 
for  beat  xn  called  ^jxrijie  Unit  when  the  bodies  ftre  compared  vilK  wpaA 
*Jwir  weight,  aud  HAaiirf  Htat  when  they  are  compared  with  n>gaid 
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to  volume.  Tho  epeoifio  heat  mnltiplied  into  the  apecific  gravity  givee 
tbe  reEative  bea.t. 

WIjqd  buJioa  of  diBerout  tempemtures  and  different  capantiea  fpr 
heat  are  mixed  tof^elher,  tbe  touiperature  of  the  mixture  ia  not  tbe  menn 
lietwpt'D  the  tpmperacurea  of  the  iudividaiil  Butwtaiices.  Equal  weights 
of  liudi'Cis  equally  licatod  or  eijuiilly  cooled;  but  of  difiereut  cii|)acities  for 
heat,  raiae  or  Icuver  tlio  temperature  of  a  givon  quantity  of  watei  through 
difiVrreut  uitmhere  of  degrees.  Or  Lhey  nielt  uneijiial  ijuantitiee  of  ice 
at  0**.  SphcTeH  of  EKiual  aizo  aud  equally  hoated,  but  of  sub^sCiitbCC'e  hHiVctig 
diflerent  cjipatities  for  boat,  require  dirtcreiit  tinice  to  cool  to  the  same 
point  in  the  same  mediiim — the  radiating  power  of  the  surfacce  being 
either  accounted  for  or  made  tho  same  in  all.  Gaaes  eudoeed  in  a  mauo- 
raeter  placed  iu  n  warmer  modium  require  diS'iireiit  times  to  produce  tu 
them  tho  same  aniQunt  uf  ox^iane^ioa  by  heat.  The  Erst  of  thet$G  metboda 
was  ndoptod  by  Wilke,  Crawford,  Kirwan,  Dalt'^o  a-nd  Pottqr;  the  flewnd 
by  D«larDche  &  Berard,  Avygftdro,  Neumann,  Rcjfnault;  tho  third  par- 
ticularly by  Lavoisier  &  Laplaco  with  their  cnforiDifUrj-  the  fourth  by 
Mayer,  BuiltiQfiiiin.  Petit  &  Dulong,  Hermannj  De  la  Rive  &  Marcet; 
ihe  fifth  by  De  la  Rire  &  Marcet, — for  the  determination  of  tho  apL^cifio 
beats  of  bodies. — Moreover,  with  re^fard  to  tbe  specific  heats  of  pttBoa, 
DhIodj^  availed  himself  of  the  selocity  of  eonud,  by  causinj[;  tho  gasoa  to 
blow  into  a  flute  and  determining  the  pitch  of  the  sound, — and  Suerniann, 
of  the  iwoliTig  produced  by  the  Qpapurntioii  of  water  in  a  stream  of  the 
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thai  at 
air  =  I 


07838 

0'82SO 
U-9835 
0-4607 

0-  8485 
0'T92.'> 
OWS? 
07354 

0  78-27 

09616 

1-  69G8 
0-5547 


1-6783 


Heat. 


that  of 
air  =  1 


M750 

1-2220 
1-25B3 
1  -5000 
1-0000 
I  "0000 
1  -OOIII) 
1-0000 
M229 
1-lfiOO 
1'1<)30 
1  -3503 
l-zOOO 
]  -01)00 
l-OOOO 
l-CSbO 
1 '5-1 10 
1  553.0 
1-5309 


Diiloug. 

l>  Bite  &  Mnratrt. 
Ht  Is  Bxmhe  ti  B^iard. 
ClraacRlt  &  Dvsfvroit^. 
De  la  Oive  Bt  MatccE. 


Sucmantt, 

Dulang. 

Apjuhn. 

La  Rnche  Bt  B^raril. 
De  la  Rive  &  M&ropt. 


H«Tliraft. 

D«  U  Hive  &  MfiTcet. 


All  goaes,  according  to  Kaykraft,  cind  all  eitnplo  gasoB  at  leasts  mc- 
vording  to  la  Rive  &  Marc«t,  Lave  tbe  same  r^ta-tire  heat:  tho 
jgreater  relative  heat  wLich  Haykmft  fnund  in  oleliaQl  gas  he  attnbuteo 
to  tho  mixture  of  etLcr  vftpnur  with  the  g&a.  But  ac<;nrdii]g  to  idl  otb«r 
nbaervations,  ihia  view  first  promtilpLted  {GUb.  45,.  321)  but  aftarwjtntci 
tntcted  {GUb.  4»,  394)  by  Gay-Lussac,  ia  very  doubtful. 
If  (he  quantity  of  licut  roiiBired  to  miae  by  1*  the  tempprature  of  air  eti- 
dloeed  in  a  vt'Eiiel  with  rigid  sides  be  nasumod  —  I'OOO,  the  (quantity  required 
to  produce  the  same  rise  of  temperature  in  au  cr^unl  quantity  of  sir  eon- 
Good  utider  the  same  preeaure,  in  eucli  a  manner  that  while  the  pieuan 
reuinia?  cunataiit  it  can  ^jpnnd  freely  when  lieated,  will  be  1"421 ;  mad 
if  it  be  again  reduced  by  proasure  to  Its  former  bulk,  tbi;  quantity  1'4S1 
of  heat  corresponJing  to  the  inctcasc  of  volume  must  be  set  free.  A 
distinr^tinn  luusl  therefore  be  made  between  (n)  Relative  Heat  umlor  coO' 
Gtant  volume,  and  (A)  Rehitivo  Heat  under  eunstant  pressure  (Duloiig). 
[The  relative  heats  given  in  tlie  table  refer  to  6.]  Air,  oiygcn,  lijilMigvn, 
and  carbunio  oxide  ^  have  the  same  relntirti  beat  under  constant  }»««- 
eure ;  lieuco  it  may  be  surmised  that  they  have  likewise  the  same  relative 
beat  Under  constaut  volume,  and  therefore  that  they  evolve  the  mub 
quantity  of  bf^at  when  eubjecteil  to  the  saTua  prcBBure.  Carbonic  mad 
~*  under  tbe  same  prcj*anro  ^bow^  a  rise  of  temperature  of  only  0-337*, 
vitroo*  oxido  gns  of  0-34(3^,  and  defiant  gaa  of  0-S4ir.  tf  it  tm  as^amml 
that  alt  gascifi  when  equally  conipreBsed  evalve  the  saine  quantitv  of  beat, 
tbcHc  last  three  gnaes  niuat  l>e  anpnosed  to  have  greater  relative  heat  with 
refi  reiice  to  n  given  volume ;  and  this  may  he  re>ckoned  (aaemiiing  lliat 
of  air=l)  for  carlHinio  acid  gas,  0-337  : 0'421  =  1  :  s  =  l-24fl ;  for 
nitrous  oxiJo  gas  —  1-227.  and  for  oleliant  goa  =  1-754.  To  find  tlu 
ive  liont  of  carlKrnic  acid  gas  with  rcierenee  to  a  constant  |immn^ 
,-o  Iinvc  the  proportiuji,  1-421  :  1-249  +  0-421  =  1  :x=;'L-l7S;  and  •» 
on.    Aooording  to  these  «uppoaitions,  all  gu«es  under  the  same  proaRtra^ 
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and  when  equally  compresaed  under  the  same  Toliimcj  evolve  equal 
qiaantitiea  of  heat ;  aurl  the  rise  of  temperature  thereby  produced  variea 
inversely  as  the  relative  heat  of  the  gm  referred  to  a  conBtant  volume. 

If  tliG  relative  lieat  of  common  air  at  0'7405  metre  cxteinal  pressure 
be  equal  to  1,  the  relative  heat  of  air  under  a  pressure  of  1'0058  met. 
(the  density  of  which  will  be  to  llmt  of  Ibe  former  =  13583  ;  1)  will  be 
i  '23<>3,  according  to  Delaroehi?  &  Bcmrd, — while  the  specific  heat  of  this 
condeuaed  air  will^  according  to  these  numborir,  be  tIHS  —  0'J^126j  the 
epeeific  heat  of  air  at  the  ordinary  pressure  being'  supposed  =  1.  If  the 
relative  ticat  of  air  under  a  presEuro  of  0'7S8  met.  be  assumed  =  1,  that 
of  air  at  a  presfiureof  0  379  met.  will,  according  te  Clement  &  Desorniee, 
be  0-693;  «t  O  Ua  wet.  it  will  be  0  540,  and  at  0  095  met.,  0  368. 

If  tlie  gjiecilit  heat  ofacr  at  —  20^  =  1,  tUat  of  air  at  +  52"  will  be 
1'206;  hence  the  specific  heat  of  gRseu  increinse^  with  the  tcniper&Cure 
(Gay-Lussac,  Jim.  Chim.  83,  108.  Vamp.  Suurmann,  Ann,  C/dat.  Pktfs. 
83,  .127.) 

In  the  two  tables  wliicb  follow  (pp.  241, 244)  A  v.  detifkCes  Avogftdro, — 
C.  D.  Clement  and  Desorraes, — Cf.  Crawford,  — 1>1.  Dallon, —  Hit.  De- 
epreta, — D,  M.  l)e  la  Rive  ib  Mnrcet,— Hh.  Hess, — Kw.  Kir  wan, — Km. 
Hermann, — Nm.  Ncuiuann, — P.  D.  Petit  k  Uulong, — Pr.  Potterj — Rg. 
Regnault. 

iSpfci^e  Iltat  nf  Li'inid  and  Solid  S/evientaty  Bodies  that  af  Water 

=  1  -0000. 


i 


0-1  laa 

DM 

0-U69 

Rg 

GrajibiCe,  nit. . . 

0-2l)!9 

 art  

o-iaro 

■  1 

■ 

11-2017 

0-2031 

Chnrcopl  strong- 

ly igDitcd... ., 

0-24  IS 

0-2009 

o'm 

 moderately 

0-2964 

F' 

Charcoal  fro  id 

0-1592 

 from  oil  of 

tiirfMTitinr'  .. 

0-lBOl 

JOnmp-blBck  . ,  . , 

o-2:i;o 

Animal  ctuircoiil 

0-2608 

Kg 

Pboiphuru . , 

0-1887 

0-2900 

Hm 

o-;f8so 

At 

0-1 880 

PD 

0-1900 

Dl 

0-.ioafi 

R« 

0-2090 

Ntii 

0-O67& 

Hm 

0  0814 

DM 

O-OH.IJ 

Rfi 

0-0541 

m 

0'0890 

At 

5-1350 

DM 

0-O350 

00361 

MoIjbdijnuDi  , , 


Unihium     . . , . 
Mniiganeie  con- 
Uiaing  C  . . . 
Anenic  ..... 


AnLimaiif. 

Tellurium 
BiHonutli  . 


Zitii!. 


Csdmintn . 
Tin  


Le&d. 


OOfiSO 

DM 

00314 

Itg 

0'0722 

Kg 

0-0320 

Pr 

O'OCIS 

'* 

O-0400 

Dl 

u  m&j 

Hm 

0'U41 

0-1  too 

PD 

lirn 

01150 

Pr 

O'OBIO 

Av 

0  1158 

Rg 

O'OiitH 

Hg 

0-1300 

Dl 

Nm 

01 970 

O'0Jfl6 

Hm 

-. —  cDQtatniiig'  C 

D-1171 

■  I 

O-OMB 

0-1 1:2 

DM 

Pr 

O'HffS 

PD 

00615 

H 

Dioaa 

0-0912 

FD 

0  108^ 

R« 

o-02;o 

Nm 

—  containing  C 

D'llfiS 

0'028S 

PD 

00949 

p"d 

0'0308 

Rg 

0-09i^0 

DM 

0-0330 

Pr 

O-09M 

Rg 

0-0ili27 

PD 

D-0960 

Pr 

0'09;i9 

Nm 

0-0961 

Hm 

0-0940 

Pr 

0-0318 

DM 

O'asisit 

lie 

0  03^0 

Kw.Pr 

O'iooo 

Dl 

O'03D.3 

0-03fl3 

Hm 

0  0557 

PD 

0-0&fi7 

0  05?0 

Rg 

0-0576 

DM 

O'Oi&O 

Pr 

00514 

Gold  

O'Oasa 

PD 

0-0515 

p'd 

0-0334 

Rg 

O'OMM) 

Pr 

D'0340 

Pe 

0-O.^G2 

0-0314 

PD 

0-OJOO 

Dl 

00324 

Rj 

0'0293 

PD 

PftllDdiuu 

0-05&3 

0029^ 

Hm 

0-0368 

'  From  ^u-rfloTts.    *  Firom  Anthracite 
*  prom  lannel  cool  foutslniiig  4—5  per  ccni 
VOL.  I. 


From  Wftlei  containing  3  per  cent,  of  "t- 
«ah^    *  Puied  ttrOuFh  A  r±d-bot  nibe. 


Th*  capacity  ht  lioat  of  any  ffiven  body  meWMoi  with  iti  twnpera- 
iun*.  If  till?  specific  heat  of  th?  following  sqbsljtncea  btt  detorminod^  ftwt 
hy  boating  thDiri  to  100',  then  plunging  them  into  cold  water  mnd  obsojT- 
ihg  the  tcmpflfature  of  the  wa1«r, — secondly,  by  he&tiQg  tUem  to  300', 
Md  repeatjflff  the  same  prooeas,  the  following  differeDora  of  q>e<dAo  '  * 
will  be  foand. 


Heated  to 

100' 
3  Oft- 


Iron.  Mflrcarj. 
0-1099     0  033 
0-1218  ff035- 


Zinc.  Autimanj-. 
»-Q92J  0-0507 


SUvef. 
0-3557 


Copier. 
0-0<J49 
0  1013 


TUtinan. 

O'0335  a-i;7 

0-03S5  DIM 


Those  metala  wbo*o  rate  of  eipaneion  increases  moot  rapidly  when 
they  aro  hi^^ted,  likewise  iijcreaso  most  iii  epecific  heat;  the  rciotivp  hrit 
aUo  imcrea^es  in  ho  far       wh^n  tho  expansion  aniomiiH  to  -j^-o 
creased  capacity  for  lieat  is  abo'Ut        (Dalong  and  Peltt.) 

The  st>eciflf  heat  of  fopper  Is  reduced  by  violent  hammering  trttm  ' 
0-095  to  0-0935,  hut  raiaod  again  by  ignition  to  0'0949:  lead  and  tin,  on 
the  contrary,  whioli  Jo  not  iocreaat  in  sptcific  gravity  under  the  die,  like- 
wise Buffer  no  diminution  of  specific  boat  by  pressure,  (RegiuiQlt.) 

H  Rcgnault  also  flnds  that  soft  eteel,  the  density  of  wbich  at  14*  C-Hh 
r'8609,  hiis  a  upecific  lioat  of  0-1165;  hard  eteel  of  density  7-"982  bi««^ 
spooific  heat  of  O'llT^.— The  epocilic  boat  of  aoft  bell-metal  (80  Cti  +  20 
Sn),  which  liaa  a  density  &f  S  is  0  0862,  while  the  same  iqefctl  liwd- 

enod,  ill  which  ^tate  itn  density  ie  S  5797,  baa  a  epecifsQ  b«a-t  of  Q'0858. 
{Poflg.  6-2,  50,) 

In  the  sairna  memoir  Rcgnault  gives  tlie  3p(KiBc  beats  of  sever&l  ni>etAli 
in  the  finely  divided  state,  fia  determined  by  the  method  of  COoting.  Tlu 
following  are  tho  resulu. 


SubiUncea. 


S'PQcific  Heat  clvtenninetl  1>;  coultng  (romU 

20"  to  15=. 

15*  to  10*. 

10'  to  i'. 

0' 0(14  2-1 

0-1^6  ittr 

0^0630^ 

0-05^0'! 

O-Or.546 

0' oar;  62 

0-ni5>G14 

O'OOUS 

0-01)253 

0-A»lU 

0-I1.VJ38 

fl-05yfl9 

0-0394II 

O'o:iii.iy 

0-03728 

o-03;at 

0  09085 

OO900C 

O'0&847 

0-fl«9l3 

0-<WI8tl 

0'035U'J 

0-03440 

0-03509 

005424 

O-054n» 

0-05-131: 

0-056^0 

0-OtAU 

0-Oftfill 

0 '09  535 

0-0R441 

0'OHiI9 

0-05314 

0-115772 

0  0S7RI 

0 -0:1 749 

0-05713 

0-0674* 

0-fl&609 

0-05601 

0  0<6«C6 

0-05  ?7r 

0-05767 

0-05790 

0-O604;i> 

o-06<);<ii 

0OS(i3l 

0-0:16;  I 

a  oa«a4 

0036^4 

OOMU 

f 

Antimony  • .. 

Omin  tin  11, •.•>.••  

Binkn  lia  (filiDgi]  

2iDi!   

Cadmium. ..•••>  Ktin  ■•<i>i 

Biimutli   ,  ,,,,  ,. 

ArMnic   ,  

Copper  ,  

^P<)"R]'  I'lBtiaum  

Si|*«r  ItUijgi  ., ,,  ,  

"       •>   .•i.t...... 

Preclpititttd  silverT 

1.  Vrry  little  prrMc^.  .1. 14  1.  II  •■>  • 

2.  Knrc  itroiifljr  

^'         »t  »  

*  

fi  

«.  

7.  Strongly  hammereil  iird  then  mbbed 

8.  More  ■(rongly  


Tho  greater  tlm  atomic  weight  of  nnr  aubstrtnte  the  smaller  will  bo 
tJtv  auoihcr  of  atonu  of  it  required  to  xaakc  up  a  given  abboluto  weight 
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Siuce,  for  example,  an  atom  of  hydrogen  weigba  1,  an  atom  of  5ul[ilitir  Ifl, 
ftnrf  an  atom  of  ailvor  ]0S,  a  jiquiii?  of  9iil].ihiir  roust  wittain  -jV  and  a, 
^und  of  silver  many  a(.utus  b§  ^  pound  of  ti^tlrogcn.    If  tbcii  the 

spopilic  Iioat  (cn.p&city  for  heat  referretl  tci  a  given  w^iijailit)  nf  any  eub- 
itaucc  be  Diultiplicd  tnto  its  atomic  Wciglit,  iho  product  will  gire  tho 
Iwipacity  for  lioat  reforrixl  to  a  g^iren  nuBilier  of  atom*.    This  tias  bee" 
[dune  in  the  following  talilo,  iu  which  iho  data  oinployod  arc  those  of  Do 
iIr  Roobe  &  B«rard,  RegOftult,  NcumanHj  and  Do  la  Uivo  ^  Marcet, 
pren  in  the  tables  (pp.  839  and  241). 

Cnpacitif  for  Urat  of  tht  A  tomt  of  ^ntmiltlty  Svhitanees. 


Subilaiioe, 


OxTgeu  gat , . 

TJi(rogeii  gaa 
CillRIODdl  . . . . 

Gwpbitf  . .  , . 
Ch&rcDal  , , . . 


lO  9  pharos 
Inlphur  , . . 
ileaiDU  . .  . 
bdiae  . , , ,  . 


Spedflc 
Hut 


omine  . . . . 
Tuuga  ten  . .  .  i 
MoLjbd(.'iiii!ii 
Mulgancae  .. 
Arunic    . . , . 


.■(■21136 
(J- 2  754 
0-H69 

0-20(19 
0-2115 
02%J 

0-2  026 
0(IH37 
0-0541 
0-1350 
0-03GI 
0-0722 
0-IUl 
0'0814 


Atomic 
Weight. 


8 
1 
14 
0 

6 

6 

fi 

G 
31-4 
16 
40 
126 
78 '4 
95 
43 
27G 
76'2 


1-SB88 
3-2936 
3-8:556 

0-  »St4 

1-  MIH 
1-20S4 
|-41>t0 

i'?;a4 

5-8250 
3-241& 
3-3180 
fi-816l] 
10-lj»40 
3-4580 
.14  656 

G'1213 


Subitanco. 


Aiititnonjr 
Tellurium 
Qisnatli . 
Zinc  , , . 
Cadmsuni 

Tin  , 

Lead  . . , , 

Iron  11... 

Cobalt,, 

Nickel..., 

Copper   . . 

Mercury  , , 

Sil¥w  . . . , 

Gold 

Platiauni 

Polladiuin 

Iridim 


Specific 
Heat. 


0-050R 
0-C515 
0-0308. 

o-osas 

0-05ifi7 
0-0552 
0-O3I4 
0-1139 
0-1070 
0-1  (Ja6 
0-1)951 
0-0.133 
0-05TO 
0'03'24 
0  0321 
0'05!>3 


Atomic 
Weight. 


1^» 
64 

106  4 

55-8 
i9 

1U3'8 

27-2 
29-6 

3rs 

101  4 
lOS-1 
199 

US- 7 
i3-4 


Product. 


3-2!IG0 
.1-2771 
3  0731 
3-1639 
3'3158 
3'2a93 
3  OH  54 
3i672 
3  2146 
3-0212 
3-3766 
6-1617 
S-4476 
3-197B 
3-1666 
3-6322 


From  ihtxY  C3:act  Jct*ritiltitttioti8  of  ike  epedfic  Iicat^t  of  ficvpral  C'le- 
nipbtaiy  bodree,  I'^etit  &  Duloug-  iteduced  thp  Law,  that  llic  Bpecific  hcata 
of  lliGse  bodies  vary  tnTersoly  titoil'  Rtoniic  wtights, — fio  that  an  atoin  of 
wiy  i^implo  subslaiico,  whelhep  its  volume  be  gre.Lt  or  Hmall,  has  the  snme 
caimctty  for  heat,  and  rei|iiire3  the  same  quantity  of  heat  to  misc  its  tern- 
ptraturo  through  a  given  riiiniber  of  dc-gn-py,  as  an  fttoui  of  anir  other  ele- 
mentary sijlistance.  The  osceptiona  which  they  found  to  tins  rule  have 
been  for  the  moat  part  removed  by  the  later  obBcrvationa  of  Rcgnaull,  as 
given  in  the  preceding  table,  la  most  PuWtanccs,  the  pi-tiduet  of  the 
epwiflc  heat  into  the  uloniic  weight  is  nearly  3'2.  Exact  agreement  is 
not  to  bo  expected,  innamuch  sss  the  epecilic  heat  of  a  body  vanea  with  it« 
deuuity,  and  undoubtedly  inereaHea  to  a  great  degreo  when  tlj«  body 
passes  from  the  solid  to  the  liquid  or  gaseous  elate. 

With  regard  to  the  non-gaseou.^  &ubHtanceg  of  the  foregoing  tabfe,  the 
following  cirt'omMtJiDcos  may  bo  noticed.  The  deviation  iq  the  case  of 
mangaaeee  perhaps  arit^es  from  tlio  preecnco  of  carbon  iu  tho  metal  exn- 
Dtincd  by  RoguaiiU,  and  that  in  tho  case  of  iridium  from  the  impurity  of 
the  iiielil. — Phoephorus,  iodine,  arscmp,  antimony,  silver,  nnd  gold,  exhibit 
tivietj  as  ujufli  eapiicity  for  heat  in  the  eamo  niimh^r  of  atuHis  as  most 
other  substauee^.  Tltif*  exception  might  bo  made  to  disappear  \sy  halving^ 
as  is  done  by  many  gbemi^ts,  the  atomic  weights  of  thc&e  suhstonccs. 
But  if  [be  atomic  wgifiht  of  iodine  be  teduecd  cno  half,  the  Bame  niuet 
ncccaaarily  be  done  with  regsjd  to  hydrogen  and  mtogCRv  ■Kti.'CBft'a.^'i 
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epecific  lieat  of  these  Itodiea  would  also  be  reduced  one  half  Moieorer, 
thia  halving  ■would  render  tlie  chemical  foriiiuliB  unnecessnnly  coniplei. 

The  capacity  for  heat  of  liquid  hromiiie  appears  to  be  three  times  Rserpat 
as  timt  of  moBt  elenicTits;  but  from  the  analogy  between  thta  sobslaace 
and  iodine,  it  mnj  be  supposed  that  the  capacity  of  eolid  bromine  is  only 
twice  aa  great  us  that  of  the  majority  of  simple  substances.  The  capacity 
for  heat  of  carbon  in  the  form  of  diamond  is  \,  iu  that  of  graphite  ^,  and 
in  that  of  eLarcoal  about  ^  the  ordinary  amount.  These  exceptions 
not  be  cx.plaiiied  n.way;  wo  canuot  treble  or  (juadruple,  nor  eveo  double, 
the  atomi;:  weight  of  carbon  without  incurring  grest  iacoureniences. 

Among  ^[»?eou9  bodies,  nitm^o  cnnfonns  noat  dosfly  to  the  law:  for 
the  larger  product  which  it  gives  la  refertihle  to  the  increase  of  epocific 
heat  arietug  from  the  gaseous  form.  Hydrogen,  wliuae  specific  beat  was 
probfibly  estimated  too  low  by  Do  la  lloede  &  Berard,  ia  also  in  con- 
formity with  the  law.  The  atoms  of  oxygen,  on  tie  contrary,  appear  to 
have  only  half  the  ordinary  capacity  for  heat. — If  wo  suppose,  with  Haj- 
kraft,  De  la  Rive,  and  others,  that  till  eimplG  gaeea  have  tlie  Bame  relative 
heat,  and  that  the  law  of  Uulongrt  Petit  liolda  good  without  exceptioB,^ 
the  law  of  Borzeliua  (p,  45)  will  be  established,  according  to  which  tfas 
elementary  gasea  all  contain,  the  same  nuiubet  of  atoms  ia  the  Mine 
volume;  and  the  division  (p.  S3)  of  gases  into  6,  2,  and  1-atoniic  must  be 
considered  as  incorrect.  But  the  preceding  table  shows  that  excepiioiu 
to  the  law  of  Dulong  &  Petit  occur  even  among  gases.  Indeed,  if  W9 
nifrely  coraparo  oxygen  and  hydrogen  with  one  another,  mating  the 
atomic  weight  of  liydrogen  =  1,  and  that  of  ojygcn  =  IB,  the  capacity 
for  heat  of  the  atom  of  hydrogen  will  be  3-2!)i3e  .  1  =  3'23!)6,  and  that  rf 
Iho  atom  of  oxygen  0'23C1  .  16  =  3  777'i, — producU  which  apprwxidUM 
pretty  closely  to  those  of  other  substances.  But  if  the  .itumio  weight  of 
oxygen  be  m&Aa  =  Id,  that  of  sulphur  must  be  increased  to  32,  and  thoM 
of  the  metala  must  also  be  doubled,  and  then  their  product  will  not  tw 
3 '2,  hut  6*4;  or  if  the  atomic  weight  of  siilphitr  be  made  =  16,  of  oxygen 
=  S,  and  of  hydrogen  =  0"5,  the  laat  two  bodies  will  give  nearly 
or  linir  the  product  given  by  sulphur. 

All  this  being  considered,  it  is  inipoaslbli?  to  get  rid  of  nil  the  cxoep- 
tions  to  thG  law  of  Dulong  &  Petit;  and  .-^inro  this  law  is  not  universally 
applicable,  it  would  be  useless  to  remove  a  few  only  of  thu  exceptions  hy 
altering  the  atomic  weights,  partieuLirly  when  such  alterations  would 
entail  unnecessary  complexity  on  clicniical  forrniilu.'.  Eut  these  oxccih 
tiona  bear  a  simple  rclattoa  to  the  general  law.  Thii9,  if  the  capacity  lor 
heat  of  an  atom  of  sulphur,  «nd  of  motst  other  substances,  be  a^qtimod  =  I, 
that  of  ftu  atom  of  dianionrE  will  be  =  \,  of  oxygen  =  ^,  of  broBUM 
iodine,  phosphorus,  arsenic,  antimony,  ipilver,  and  gold  =  2. 

Speci/e  Heat  of  Liipivl  and  Solid  Campaxindi,  thnt  of  Water  =  l-OOOO. 


Cu*0, tiitaral  ........ 

HO,  i«  

CaO  

M|0  

YO   


0-1073 

Nm 

GO 

0  7230 

C  D 

U  O  . 

O'&OOO 

Kir 

0-9200 

A* 

Mti  0. 

0-1 -40 

At 

ZnO 

0-3  000 

Dl 

0-](j96 

Hia 

o-2i:;g 

Ks 

Nm 

0-1347 

SnO  . 

0-2637 

0-O764 

0  1060 

Kb 

0'IS70 

u 

0-1249 

0-1.^20 

Km 

0  1370 

a 

0-1410 

A» 

Hb 

0-0940 

Af 
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fas^d .......... . . 

'  powdered 


HiO 


'  heateil  to  whilcnesA 


CaO, 


BgO. 


Ce'O^   


■  Cornndttm 
Siip{>hirc 


Bi«0'  

Fe*0',  ariificial  .... 
—  stronglj  ignttcd 


GiO*,  Qoutz 


Ti  O',  ■rtifiewl , 
 Rutilfl  . . , 


Sa  O*,  vtifieul . 
 tnnstone  , 


MnO"  ...... 

BO'.  litriflrf 

wo»  


AfO*,, 


SI.O' 
Sb  0* 


opaque  . 


Ka  F  

Ci  F,  FEooripw, 


 ignited 

CwCl 


0-0509 
0-D512 
00544 

D-1588 

0-1370 

0-H20 

P-1460 

0'22; 

0'0490 

0-OAOO 

0'033S 

0-1631 

0  0611 

0-0650 

O'lfill 

0'lt>78 

0'09B4 

0-mi 

0'I942 
01976 
Oiy72 
0-2173 
0-l?96 
0-196(1 
0-2126 
O-flfrOA 
0-1I57 
O-lliSl 
0-1669 
0-1G92 
0'l7ia 

0-1913 

o-iri8 

0-16:19 

oi;o3 

0-1724 
0-0933 
0*1110 
0-0900 
0-0931 
0-1910 
02^74 
0-0722 
O-fl/98 
O'132-l 
0-1279 
0'I313 
0-1410 
O'lW 
0'I320 
0-0901 
4-0953 

o-s>g;b 

6-2082 
D-8149 
01 383 


A7 

Re 
Hm 

Rg 

Nm 
R« 

A« 

Ci 

Av 

Rs 
Hm 
Nm 
Av 
Nm 

Rg 

Hm 

Av 

Rg 

Nm 
Jtf 

Nm 
Hm 


R« 
Nu 
Hm 
Av 
Nm 

Rg 
Hm 

Rs 

Nm 

R« 

Av 
Hm 

Nm 

At 
Rg 

Hm 

Re 


Hm 
A* 

DM 

i< 

Rg 

Nn 
Hm 

1 1 

Nm 

Rk 


H«*  CI 


KCl 


'  fnwd. 


Na  CI. 


'  tasei  . 

Bock-mlt . 


LCI  , 
B«  CI. 

SrC] 

 1 

C&CI. 


fused. 


'  fuicd. 


 fuKid. .  . 

Mg  CL,  taafd , 

MnCl   

ZnCI.  

Sn  CI  

Pb  CI  

HgCl  


Pbl  , 

Hgl   

Ag!   

Cu*  S,  fused  . , . . . 
Zn  S,  liucblende . 


SnS.  fu!>ed  , 
Fb  S,  GbImk. 


Fe  S,  tattA 

Co  S   

NL  S   

Hg  S,  VcnniUion 


lAgS.  TuKd   

Fc  Cu  S*,  Copper  Pyritw 
Fe'  S",  MBgnetic»a  PjriW*' 


0^0410 
0-04  9& 
0-05  2« 
0-1402 
0-1840 
0-172!) 
0-2210 
0-2300 
0-2140 
01917 
0'2^50 
0-0780 
O03S6 
0-0972 
01199 
0-1102 
0-1940 
0'1G42 
0-1946 
0-U25 
0'1362 
0  lOlG 

o-oeG4 

O'OCHS 
0-0fi90 

o-ori5 

0-0844 
0091 1 
0-I9U 
0-14J6 

0-2092 
01760 
0'1132 
0-1184 
00&33 
0-0739 

o-ofis? 

O-O305 
0-0657 

O'oeiy 

0-0868 
0-0427 
0-0420 

o-ofiie 

0-1212 
0-U45 
0-1230 
0  0836 
O'OJfiO 
0-0^09 
0-0527 
0-0530 
0-1357 
0  1251 
0  12lil 
O'04S0 
0-0512 
0-0520 
0-C528 
0-0597 
0'074l> 
0-J2B9 
0-1 S33 


M6 


FttJ  S*,  Magmrticfll  PjfriUs 

Bj*S'  

CS«   

Mo      vtona  .... 

Af  SI  

Sn  S*,  Mosaic  tolA 
FoS*,  Iron,  Pjrices 


 Wluto  Iron  Pjritcs 

AbS>,  KKtonl   

SbS'  ,  

 nitanl  

i^t  S>,  nstiunl  

CoAsS*  „   

Co   

StMl,  hard  

 toft   ^ 

Steel   

Cutiron,  wkiW, ....... 

Fine  meUl.  

Braw.. 

SnBi  

Snl  Bi   

Sq*  Bi'Sb  

Pbsb*  

Pb  Sn  

PhStti   

FbSa^Bl   

Pb  :$ti'  Ui*  

HgSi.   ,. 

HgSn'  

HgPb   

K  O,  H  O  

CkO,  U  O   

Ai"0',  mo  .... „ .. 

i'i)*0'.  alio  

KO,  COi.  air  

■  fused  

N«  O.  C  Oi,  dry   

 fuMd  

fiaO,  CO*,  DHturdl.. .. 

StO.CO*.  B«tur«l.,.. 

 artituiel  ........ 

CaO,  C  O",  Mtifici*!. . . . 

■        IwlaAd  tfmr ...... 

 C*la|«r   

 lUtuTT  ttarljlc  .. 

 ^ch.lk...  

 Arra,giUUt*   


0-1602 

11 

' 

Hm  , 

0*3290 

DM 

OlOif? 

hi 

Km 

0-1233 

% 

D-lIll 

Nm 

011d3 

0-I2-fi 

Nm 

0-1301 

Rc 

o-]:i&u 

At 

Q'i;}96 

DM 

01 332 

Nm 

0*1  OAO 

At  , 

01I3K 

Ntn 

0-1 S14 

Hm 

0-0)^10 

Rs  : 

0-0907 

Km 

0-«9'Ja 

Hm 

0-12^6 

Rm 

Q'1012 

Nm 

0-10-0 

It 

00^20 

*• 

0'1024 

Pr 

0-1 08O 

0-11S5 

Rs 

0-1298 

!■ 

0-1273 

tr 

0093(» 

tt 

0-0100 

ij 

0-04^0 

tt 

0-0461 

tf 

0-03  SB 

Pt 

0-0407 

ft 
■  a 

0-IM51 

0-0U8 

■J 

0-0608 

U 

0-0729 

>f 

»1 

0-0aB3 

ti 

At 

0-3000 

0-4000 

Dl  1 

0-4200 

At 

o-isao 

If 

0-2370 

0-2152 

Rs 

0'30SO 

At 

0-1:727 

Re 

0*1078 

0-1104 

R« 

Q-I14& 

Nm 

0-114S 

R« 

0-2030 

At 

0-2700 

Dl  1 

0-2US6 

Rs 

O-1045 

Hm 

0-afl46 

Nm 

0->l£i8 

Rr  , 

0  31414 

0-aois 

Nm 

MgO,  CO*,  Mtur«t  .. 
C«0,  CO*  +  MgO, 


C0»,  Biiwrgpar 

  nolomile  

Ph      CO*,  ortificial 
— —  Lrad  ipar  


PeO,  CO*,  nUunl. 


Cbrf«alit«.i..>  

Zircon   

Tt^iu  

Zoitite  

Augito  ..>..•■>>..... 

Dio{isL4c    •  •  •  

Basolnc  UornUcDde . . . . 
Aot/noUte  ..>.<. 

TremglitQ  , 

AdiUarin  

Ordinary  PfUpw 

Albite-.'  

L&bndgr  

GiaM.......  ..... 

Flint-glBH  t. .. 

Iflevine   .. 

KO,  DO»,  fattA  

N«0.BO»  ,  

PbO,  BC   

K0,2B0'  i,  ...... 

NaO,   

PbO,  2IiO>  „  

KO.  CrO»  

KO,  2CrO»..,,  

HO.SOv.  


K  O,  S  0>  

 fiued..  , 

NaO,  SO'   

 dr,   

BaO,  S0>,  utural 

Sr  O,  S  0\  natiiral 

 artiflcial   

CaO,  SO>.  ohtanl 
—  igultcd  . .  . . , , 


MgO.  SO',  Ignited. 

Ph  O,  S   

 nntiiMl  

ZaO,  SO'.diy  ... 
FeO,  SO*    „  ... 

Cu  O.  S  0*   

Apatitft  

3PbO,  PO»,  huod  . 
2K0.  PO».  ,.  . 
2N>0.  PO*  . 
2PbO.  PO"  „  . 
CaO.  P0»  „  . 
3PbO,  AjO"  . 
CnO,  AiO*  „  . 
KO.  C10»       „  , 

K  O.  N  0»  

—  Iui«d.,  


0-2224> 

0'217» 
0-2174 
0  0M60 
0-0814 
OOSl^ 
01820 
0'1934 
0-2066 
0  1456 
0-201 B 
0-1140 
0  I9S7 
0  I90G 
01976 
0-MMG 
0  2070 
0-iafii 
0-isn 

0  1061 
Q10M 

0-I977 
0'1»00 
0-1762 
0-2CUH 
0-25;i 
0-0003 
0'21»7 
0'2SB« 
O'lUl 
0  1850 
0-1894 

0  S4»e 

0-3&OO 
0-1690 
01901 
0-8311 
0  2CM 
0  1088 
0-llZft 
0-19M 
0-U28 
O'lBM 
01900 
019«6 
0'2216 
0  0872 
0-l)?-lS 

o-2i:to 

0'U50 
0-1800 
0-I7S7 
0  079M 
0  1910 
U':i28S 
0082] 
0  1»»2 
0-07X8 

o-iau 

0-2O96 
0-8<M 
0-U87 


Rk 

Hb 


Nm 


ok 

i» 

Af 

R| 
k* 

IS. 

kr 


At 


Hm 
R< 


A* 


SrECIPIC  HEAT. 


Si? 


NaO,  NQ» 

—  fujoil.  .  ,  .  , 

B4O,  NO*  .. 


8rO,  NO«   

CbO.SO-,2H  O.. 


AqueoQs  H7drachlanc 
ncid  sji.  gr,  1153..  .. 

H  O,  N  0>  

2H0,  NQs  

AfiUMOa  Nitric  add,  ip. 
ffT.  1-36  

AiLMfoTiB  Nitric  acid,  *p. 
p-.  1-2  


0' 2-1 00 

0'!i(  82 

Hoi 

0'i523 

O'lcsa 

Hm 

His 

0-2  7  2H 

0-302O 

At 

0-6000 

Dl 

Us 

0-&l(H)i 

f  P 

46300 

0-7600 

Suldtieii     kmnnDiuii,  ip, 

gf,  0-U48  ......  .. 

AL-ohoL  ,  , , 

Alcoliol  

Ether...  


VoUtilQ  oil  from  wUgas* 

R(K-1c-ail  

Oil  of  tnrpeDtjae  . .  , , 


Olive  oil 


0-0300 
0-6220 
D' 6  32(1 
05200 

0*?60 
0'4930 

0''IG20 
0-4r!0 

0'5I>40 
OiZOO 


Dl 
Dx 

DM 
D2 
DM 


Kw 

DM 


Tlie  speoiflo  heat  of  a  coniponnd  is  diuiiniahed  hy  increasing  its  don- 
eityj  th OB,  peroxide  of  iron  and  protoxide  nf  ntcltel  Imvo  tiieir  specific 
heat  diminished  by  strong  ignilioB,  (Regnatilt-j— Dimorptiism  appears,  to 
eiert  no  grccit  iiiflueMe  upoti  tipecific  Iieat;  e,  in  calcspar  and  arra^u- 
nite;  in  ctjninion  and  wliite  iron  pyrites.  (Neunmnn.)— Tlio  speoifio  h«at 
of  water  at  0°  ie  toite  apecifii^  Keatat  100  as  rOOO  :  1'01"0.  (^Neumann,) 

^  RegDRuU  iq  the  memoir  before  referred  to  {Pogg.  62,  50)  al»o  givee 
tbe  specLfio  {loat^  of  tbe  foUon  iug  liijuids,  determiued  by  tbo  motbod  of 
pooling: 


Mercury  ...... 

Tcrcbi>ac   

Oil  of  lemon* 

Petrolen*,.  

BenEin  

Nitru-bensid  ...... . .  . . 

Chloride  of  silicon 
BidilorLile  of  titanlnm . . , . 

Uu  ........ 

Terckloride  of  |iibaipltarua 

Sulpfauret  of  cufagu  

Ethrr'   

Hydroiulphuric  ether     . . 

llydriMdiv  uCber  

Alsokol  

Oxalic  ether  

Wood -spirit.  .....>•■•■>. 

Hj'itriitifciiiLii:  tihit,.,,.. 
Cb-loride  of  sulphiir. .  . 
Aeetie  ftoid  (gkdal)  . .. , . 


Mean  Deniities. 


20*,...  15*  15*,.., 10'  lO'',.-.&' 


0'i<^6l 
0'8518 

oesse 

0-  a83B 

1-  20E1 

I -7323 
2' 2:168 
1  5011 

i-2ti;c 

07185 
0  8356 

0-  8O7a 

1-  OB^OS 

0-  9130 

1-  6793 


13-570 

o-soos 

0-  HA59 
C  8421 
0'8887 

1-  2107 
1-49H3 
17^03 
2'2*'J2 
1  SOOI 

0-7211 
0-tf40S 
I'!»457 

0-  8113 

1-  0953 
0^173 
l-467tt 
l'fi»B2 
l'0G9l 


13-582 
0-8645 
08397 
0-S&53 

0-  8931 

1-  216.9 
1  50(t3 
17487 
2'2SJ8 
]  60SI 
1-2823 

1  7:i9j 

0-84513 

11'8150 
11010 

0-  9217 
1'4775 

1-  6070 
10647 


Spfidfic  Ilcat). 


aO'...,15''13"....10'  15*....  B* 


0-0290 
0-420J 
0-4501 
0-4a43 
0-3932 
OM49 
0-1904 

o-taas 

0-1416 
01 001 
0  23U6 
0'SIA7 
0-^772 
0ia84 
0-QUR 

0-G009 
0-21^ 
U-203S 
0-4618 


002  83 
OMIiiO 
0-4424 
0-4325 
0-3B0a 
0-3478 
0-1904 
0-l£IU2 
0-1402 
0-1987 
02183 
0-5168 
0465>S 
9-1584 
0-6017 
D'4ri21 
0-5  868 
0-2135 
0'2024 
0'4&0S 


O-0^H2 
0-4 1  &4 
0-4480 
0-4321 
0-3999 
0-3924 
0-I9I4 
0-1910 
01421 
020)  7 
0'217g 
0-6207 
B4715 
0  I5»7 
0-S987 
0-4029 
0'50Ol 
0'2L64 
D-204B 
0-4087 


Re«iault  likewise  gives  tbo  mean  Hpeoific  lieata  of  tEio  following  iso- 
leric  H'tiiiida  for  tcmporaturea  betwaon  100"  and  15*  C. 


*  Tbt  tuoBt  TolHtll«  of  the  oLU  which  Fwadiy  obtained  from  oil-gu. 
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HEAT. 


Oil  of  turpentine  0-4B:2 

Tewbene   I14656 

TercbilenE   04&80 

CBiD|]liilene   0'4518 


on  or  imnni   0-4079 

—  orange    O'-lRftS 

Jiipi|i?r  oil    0'<7"6 

PetroLcne    0 


Favr©  ftful  Silbemiann  {Compfa  rendm,  23,  524)  and  Andrews  (Qu. 
J.  of  CkfTft.  Soc.  1,  27)  bave  oIbo  Jctermined  tlio  5|icci6o  beats  of  a  coo- 
BiileraUo  number  of  licjnids.  Tlio  reaulta  obuiined  by  these  experimeaten 
are  given  in  Ibe  followiog  table: 


LiqQid. 


Sp.  HeU: 


Bromine 
Alcobol 


Wood  tpiril. 


Fneel  oil 
Ether  .. 


Amylic  ether  . 
Acetic  kdd  . . . 
Forcuic  avid  , 
Vftlcrunic  uid. 

Btttjric  Acid. . . 


lOJ 

G44S0 

617 

snar 

613 

517 
.■12117 

-bm22 

60401 
■47857 
'41420 


Obi. 


A. 
F.  S. 

A. 
F.  S. 

A. 
F.  &. 
f  I 

A. 
V.  S. 


Liquid. 


Acetic  ether  ■  

Formie  ether  

Oxalic  ether  

Datynt*  of  methjl  . . 

Etbki  

Oil  of  terpentine  ..  .. 

Terebene   

Oil  of  Icmom  .... 

Jlj-drocirlions: 
C^«H'*,  B.P.  158",. 
C'Ml",    ,,  25i*.. 


0-48344 
0-474 

0-485 

0--1&7 

0-49176 

0  51600 

0-46;27 

0-52409 

0  50233 


04«95 
0'49e»0 


In  tlie  Bobjoinod  lable^  tte  epccifio.  beat,  as  far  aa  it  appeAra  to  hare 
been  correctly  deteriuinccl,  is  agam  compareJ  with  tho  atoaiio  trM^l, 
and  thus  the  capacitj  for  boat  of  compound  atoma  ia  found. 

Capacii^  for  Heai  of  Of.  A  tvm  of  Compoti  ndi. 


Subslauice. 


Ci,»0-  

HO.iw..... 

MgO. ...... 

TO......... 

MnO  

ZdO  

Pbo...  

»>o.  

HgO  

Mii*0* 

l'l.>  f)*  

Pe'O*  

AI'O'  

01*0'  ...... 

Ui»0»  , 

V^O'  

Si  ()»  

Ti»i*  

SdO*  „ 

MdO*...  .. 

BO*  

wo»  

M«0> 

A.O»  

8b  0»  

SbO*  ...... 

c.r  

Cu*  CI  

Hj«Cl  


H«>L 


0  H73 
O-720C> 
0' 9.190 
0  1317 
0-1 670 
0-1390 
0-OilJB 
0-lj88 

o-otia 
D-lasi 

D-OOU 
O-ltMl 

0-lTOd 

0-1013 
0*1 7IH! 

OiNsn 
O-ISK) 
0-937 1 
0-07118 
01SJ4 
0-1 1311 
0-08O1 

0-nm 

UllKMI 
O'OSX 


A  iniiiic 
Weighl. 


71  ft 

0 
30-7 
409 
!U'A 
403 
II]  B 
33  •« 
1004 
lUH 
SIS'l 

fll'4 
801 

7m 

BO-8 
iOS, 
71 

43  a 

81  a 

IIU 
73 

1  ii2 

103 
ISI 

IK'9 

BV 


PtmlucL 


7-8S3 

s-04e 
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No. 
__ 

Sub*taoc«. 

Specific 
Km, 

Aiamtc 

Product. 

No, 

BtibsUaice. 
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Si 
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0-07B8 
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SQ 
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3K(),  PO*  .. . 
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17 
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60 
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Hi 
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0*1  S33 
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F#0,CO».... 
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0*1  (JS3 

IM 
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43 

3MgO,  Si  0*.. 

72-a 

C«0.SO>,3HO 

80-3 

Ncunifinn  first  ^bcwotl  thiit  atoms  of  similar  jitoictitomctrical  compoGi- 
tioQ  have  theBamc  capacity  for  heat,  e.g.,  metiUlic  oxidea  a)]ii  ^ulphurets,— 
and  ealte  of  onrlionio  acid  Eul^jhunc  acid;  and  Renault  ehawed  tliat  the 
eanie  kw  was  ftirther  applicable  to  niauy  other  geries  of  compounds. 
Hermann  Ahowcrl  Lliat  iii  certain  mcLallic  eulpburotjs,  the  hettt-cupacit^  of 
the  co*nipomid  atom  might  be  fonnd  by  taking  tbe  Bum  of  the  capucitiea 
of  tbe  nsetal  and'  of  sulphur.  [Comp.  also  L.  Giiieliii.  (Gobler.  Phjsik. 
Wdrte/'biich.  &,  Tbe  Jaw  upon  which  this  is  based  may,  wilb  a  few 

eiMptiuHB,  be  euuuciated  as  generally  applicable  in  the  fullgwing  terms; 
The  simple  atoms  by  which  a  compouDcI  atom  is  formed,  rL'tnin  thercia 
the  saime  (TipRcily  for  beat  that  tbcy  pdsSCse  when  Heparnte;  and  conse- 
quently, the  heat-capacity  of  a  compound  atom  ia  the  euiai  of  the  heat- 
capatitics  of  the  simple  atoms  which  compoao  it,  Sonio  casflfl  however 
can  only  he  cxphiiiied  by  Bupposing  that  the  heat-ciipacity  of  certain  *ub- 
iitanccB,  PEpeeinlly  carbon  ana  oxygen,  varies  by  eiiuple  multiples  accord- 
ing' to  the  coiiLpound  iu  which  they  esist,  Exact  agreement  ia  not  to  bo 
expected,  since — as  is  shown  by  the  great  difTerencee  between  the  results 
obtained  by  diffE^rent  obseTverB — it  is  only  in  the  case  of  a  few  Gubstanee.s, 
that  the  specific  boat  baa  hecu  exactly  determinoi]; — and  moreover,  tbo 
flpcciGc  heat  nf  the  Bamo  body  varies  according  to  cireumslanees.  It 
must  be  e^fpecially  borne  tu  miiid  that  in  all  casee  wheo  the  specific  hciit 
of  a  compound  ia  determined  iu  Uie  licpiiid  state,  the  hent-capaflity  of  the 
atom  thus  found  is  greater  than  that  which  results  from  calculation,^ — un- 
doubtedly lK(»iiiec,  as  ehowu  in  the  case  of  water,  tho  passage  of  a  body 
from  the  »olid  to  the  liqiuid  i^tato  is  attended  with  an  morea^c  of  specific 
teat.  Since  then  an  approximation  between  the  reoults  of  calculation 
and  Experiment  (which  latter  will  bo  taken  from  tho  foregoing  tfthlc 
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mineie^  within  braekets)  Is  all  t!iat  can  be  Indicatod,  we  may  Ije  allowoJ 
to  ahorien  the  niimbcrtf. 

According  to  the  table  (p.  243)  the  atoma  of  mflst  simple  sobcUnoH 
bave  the  snnie  capacity  for  heat,  vis.  3'2; — lot  this  he  called  the  Donii»I 
capacity. — Carbou  in  the  form  of  diamoml  seoms  to  have  \  (0  8)  and 
oxygen  4  (I'fi)  of  tliis  nonnal  oa]iB>city:  on  the  tfontnuy,  chlorine,  iodJnte^H 
fcroiiiine,  phoepliorua,  ar&enic,  antiuionyj  silver  and  gcild  (and  ju*^>liV^ 
from  the  specific  hoata  of  their  coiopounda,  likowiee,  pctuttsmm,  eodium,  ' 
and  litliimiu)  have  twiro  the  Dormn.!  oapacity,  viz.  6'4.    lu  maiiy  com- 
poundB  however,  oxygen  npjicard  to  enter  with  2  4  or  f  of  the  nomi»l 
capacity,  and  in  ice  to  pusoe^H  the  noriiml  capacity  itself:  tjimtlarly,  car- 
hun,  Hulphur,  and  nitrogen  appear  to  poBMsa  different  capacities  for  ImwIj 
according  to  the  naturo  of  the  coiupound  iu  wbii-h  they  itre  formed, 

1  •2Ca  8  4  +  O  1-6  =  8-0  (T-fiS). 

2.  H  3-2  +  0  3-2  -  6-4  (eAH). 

3.  Metal  3'2  +  024  =  5  6  (5-52). 

4.  SMetal  8-6  +  40  (at  2-4)  9  8  =  13-2  (19'6B), 
fi.  2A1  0-4  +  30  fat  1"6)  4'8  =  ll-2  (IMT). 

6.  2Motal  6-4  +  30  (at  2-4)  =  7  2  =  13-6  (13'93). 

7.  Metal  3-2  +  20  (at  1-6)  3  2  =  C  4  (fi-59). 

8.  Mo  3-2  +  20  (at  2-4)  i'S  =  8  0  (8*33). 
D.  B  3-2  +  30  (at  1'6)  4*8  t=  S^O  (8-26). 

10.  Metal  3-2  +  30  (at  2-4)  7'2  —  10  4  (D-51). 

11.  Metal  C-4  +  30  (at  2-4)  7'2  =  13  6  (U-aC). 

12.  Sh  6'4  -I-  40  (at  2  4)  &-fl  =  16-0  (15-3). 

13.  Ca  3  2  +  F  6'4  =  0-6  (S-lfi);  accords  but  little. 

14.  2Mfltal  G-i  +  CI  6'4=  12  8  (12-04). 

15.  Metal  fl'4+CJ  8'4  =  12-8  (1 2  40). 

16.  Metal  3  2  +  CI  fl-4  =  0  6  (St-31). 

17.  Metal  3  2  +  2Cl  12'8  =  IC  O  (18  Cn.  but  li.itiid). 
1&.  P  or  As  9-4  +  3C]  19-2  =  25-6  (30  36,  bat  li^juid). 
ly.  Metal  6-4  +  Br.  6-4  =  I2'8  (12-71). 

20.  Pb  3  2  +  Br.  0-4=  9  6  {9  7\). 

21.  2Metal  fl  4  +  104-  12-8  (13-0). 

22.  Hefal  6  4  +  16  4  =  12  8  (130). 

23.  Motjil  3-2  +  10  4=  !)  8  (y  eS). 

24.  2Cii  0'4  +  S  3-2  =  &-e  (9  fi,5). 

2.1.  Mtftnl  3*2  +  S  g-2  =  6  4  {5-7....6-3).  This  large  Vftriallon  Oiakettt 
prcbfthle  thjit  sulpliur  enters  into  many  of  these  compounds  with  a 
wpat'ity  for  hwit,  perhaps  =  2  4. 

20.  Ag  «  4  +  S  3-2  =  0-6  (9*2B). 

27.  2Bi  6-4  +  5S  9-C  =  16-CI  (15-85). 

28.  I  f  the  carbon  in  thld  conipouDd  bo  supposed  to  poaaoaa  8  ttnif«  iV 
eapncEty  fur  heat  whi^^h  it  h&.8  to  the  diamond,  or  twice  tho  normal 
capacity,  wc  etiall  have  :  C  6*4  +  2S  6-4  =  12-8  (12-5J. 

2&.  Metal  3  2  +  2S  H  i  =  0-6  (10'36). 
30.  Fe  3'2  +  2S  (at  2'4)  4-8  =  8-0  (7-7). 


nia\e«tt  ' 


81.  Aa  6-4  +  ?S  e-4  =  12-8  (ll-!> 
32.  As  8-4  +  3S  (at  2-4)  7  2  =  13  6  (la-fl.l). 
38.  Sh  0  4  +  3S  (at  3-2)  9  0  =  lfl-0  (!C  O.i). 

34.  Co  3-2  +  A«  0-4  —  &-e  (0-64). 

35.  Sn  3-3  +  Di  3-2  =  0  4  (6  6). 

TkMe  nvobvn        to  thue  in  the  tnl  eolama  of  ttia  ubla  (pp.  849,  a4»]u 
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3fi.  2Sd  H  *  +  Bi  3-2  =  &'e  (lO-l). 
37.  2Vh  6-4,  Sb  6  4  =  12-8  (13-06). 
S8.  Like  35j  39  like  36, 

40.  KO  (KC4+  02-4)  8-&  +  C0*  (0  3-8  +  80  at  2*4  =  56 

=  i4'4  cu-5-...u-a). 

41.  Met.  O  (jiecording  to  3)  +  C  0^  (acoordbg  Iq  40)  5'(J  =  1 1  2 
(lO-jl);  not  sufficiently  near. 

42.  Doea  not  give  ft  sfttisfactoFy  result. 

43.  K  0  8-a  +  E  O*  {accorJing  to  !l)  g-O  =  16-8  (16'8,...ie-9). 

44.  Pb  0  (ftccotJbg  to  3)  5  6  +  B  0^  8  0  :=  13-6  (13-27). 

45.  KO  8*8  +  2B0'  llS'O—  24  8  (24  0.. ..25-7). 

46.  PbO  5-6  +  2B  0*  16  0  =  21'(i  (20-7). 

47.  KO  8-8  +  CrO*  (Cr  3-2  +  30,  at  2'4  =7-2)  10'4  —  lD-a(l8*4). 

48.  KO  S'8  +  2CrO*  20-8  =  20-6  (S8-4). 

4».  H  O  (accoriiinj,'  to  2)  6"i  +  S  0"  (S  3*2  +  30  at  1-6  =  8-0 
~  14  4  (17^1):  dooa  not  agreo. 

50.  KO  8-8  +  SO^  8  0  =  Iti-S  (16-4....U-G). 

51.  Met.  0  5-6  +  SO^  8-0=  13  6  (iS'Oli). 

52.  3PbO  (3.5-63  18'8  +  PO*  (P«'4  +  50  at  1*6  =  8-0)  H'4^ 
31-2(32'46). 

53.  2K0  (2.8-8)  17-6  +  PC  14-4  =  32-0  (30-5... .SPT). 

54.  2P130  (2.5-6)  11'2  +  PO'  14"4  =  25-C  (242) 

55.  Cn  0  5-e  +  P  O'  14-4  =  20-0  (19  9). 
SC.  3PbO  (3,5-6)  ie-8  +  AaO''  14-4  =  312  (32-8), 

57.  KO  8-8  +  AaOM4-4  =  23-2(25-4).— Since  KG,  0*  ami  K  0, 
N  0*  exhibit  the  same  capacity,  that  of  CI  0'  mad  N  0*  aa  weLl  its  tli»i  of 
As  0'  must  be  14  4;  lienoe  nitrogen  in  nitrio.  acid  muat  have  twice  the 
UBual  capacity. 

58.  BaO  5-0  +  N0«  14-4  =  20  0  (IT'S  19'0). 

59.  GaO  5-6  +  SO'  8  0  +  2H  O  (2  .6'4)  12-8  =  26 '4  (23-6)  L  a  very 
couaiderablo  differenoe. 

H.  Schrudor  {Pocffj.  52,  SC9)  proc«ed(i  npon  the  eame  priaoiples.  He 
likewise  eupi>o^  that  oertaiti  aubataiicea  may  posseaa  ditTereut  atomic 
heat-capacitiea  accordinj^  to  the  compciunda  in  whioJi  they  exiat,  uud 
brings  tbis  alteration  of  the  capacity  of  a  substance  into  conoectioD  with 
tho  cbungG  in  its  equivalent  volume;  so  that  the  heat-capacity  of  a  bod^ 
ia  amaUciit  in  that  compound  into  wliicb  it  enters  with  the  suialkst  equi^ 
valent  volume  (compare  pp.  73 — 78).  Oxyg-en,  c,  ff.  etitera  with  a  capa- 
city of  2'4  into  those  compounds  in  which,  its  oquiralent  volunio  ie  2-7 
(atomic  weight  of  oxy<ren  =  8),  viz,  compounds  of  !  atom  of  metal  with 
1  Ac  oxy^yen,  of  2  At.  uictul  with  3,  iind  of  3  At.  metal  with  4  At, 
oxygen  i  and  with  the  capacity  of  1-8  (J  of  2  4)  into  tboeo  compouuda  in 
whidi  its  volume  is  1'35,  vii,  compounds  of  I  At.  mc'tnl  with  2  At, 
oxygen.  Similarty,  with  the  compounds  of  sulphur  and  othef  substances, 
as  may  he  at'eti  more  iu  Jota.il  in  the  Drigiual  memoir. 

It  may  perhaps  bo  regarded  as  eertain  that  the  heat-capacity  of  the 
atoms  of  compounds  munt  bo  smallorj  the  more  strougly  their  clcincutB 
arc  condensed.  This  is  likowis*  sipeu  (not  however  in  all  casea)  on  ap- 
plying tlie  tiiethud  of  calculating  condensation  given  on  jjage  77.  The 
enialler  the  divisor,  the  greater  is  the  number  of  compound  atoms  fn  the 
same  space,  and  the  cf^ater  therefore  is  the  condensation  of  the  elenienls 
in  the  compound.  According  to  page  77,  the  divisor  fur  Fo  S',  la  6;  for 
MqS",  7;  for  SnS\8;— and  according  to  the  talde  p.24!>,th0  heat-capacity 
of  Fe  S' is  7-702;  ofMoS't8-864;  andofSnS',  10  8fia.— Thcae  observa- 
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tiona  on  tlie  connection  Ithctwepn  tie  c-ontlcnsation  aod  heat-espiieity  of 
elenienta  in  tlicir  compounds  may  euffice  for  the  preeeni,  till  the  mo^e  of 
calculating  the  MndcniBatioii  of  elements  iu  compounds  eliall  have  hcea 
detomiined  Trith  greater  aecuracy, 

Avopadro's  method  of  calculating  the  heat-capacity  of  comprtond 
atoms  Appears  tu  be  founded  on  byputhugcs  of  too  bold  &  charsctcr,  ind 
therefo're  inadmi&Bible. 

The  cajjiicity  of  bodica  for  heat  may  he  attributed  to  their  ad1ie«ion  to 
that  element;  and  ttiie  adbesion  in  the  atoms  of  moat  bodies  may  be  Bup- 
posed  to  be  of  the  same  strength, — ao  that  these  atoms,  when  immereed  in 
a  unifomj  medium  of  heat  and  exposed  t<j  tbe  same  temperature,  will 
ahsorb  equnl  in au titles  of  hent-  Since  tlie  lieat  which  is  attached  to 
hodies  by  adheH:un  and  expands  them  has  lost  absolutely  nothing  of  ttfl 
elasticity,  and  leaves  the  bodies  aa  soon  the  tetnperature  of  any  neigh- 
bouring b&dy  becomes  lower,  even  in  thf  sligbtest  degree,  the  beat  tbiu 
retained  m  bodies  is  called  Free,  Unea}»irhiedj  SemibU  Heat*. 

Cheuical  Relationb. 

I.  CombiTtfttioTK  of  ffeat  tuith  Ponderable  BodUf,  contlittUinff  Fluid*, 

All  pooderahle  fluids,  ■wbether  liquids  or  gaws,  may  be  rega-rded  a« 
ehcmical  eoinbinationa  of  popdeniblQ  Biibstanpca  wjlji  a  rcrtain  ^xtxsf  of 
lieat;  in  the  a.b3ence  of  heat,  all  ponderable  bodies  vould  e:xiBt  iu  tba 
solid  state. 

Subittancesi  «Kich  are  solid  at  comparatively  low  tempcratun-s  aasa 
the  liquid  and  j;iisc(ni6  states  at  higher  temperatures.    With  this  cb&ii^' 
in  their  state  of  aggregation,  part  of  the  heat  beconiee  inBCnsible,  both  tA 

•  Clement  St  Dtaorxnei  cOnrider  Ihnt  Wn  □  vacnum  hM  B  certain  capaicitr  for 
hett,  and  thiry  estimnte  this  cnpacitj  nt  0*41,  Ibnt  of  on  cqun!  bulk  of  nir  being  auumed 
=  1.  But  Gay-Luiscc  liu  ahown  that  if  a  Torricellian  vacuam  be  produced  in  ■  tnbc 
O'tffA  lattrM  in  wiJIh,  Aud  contaiEiittg  a  Jdicate  thcrnKufictcr^  no  Le&ting  or  raalir^ 
tabei  place  pn  Hlt^TDatelf  cAqtracting  «nd  eularging  the  rmpty  ipnce  by  moving  ibi 
mercury  quickly  op  and  down,  unless  a  portLoa  of  air  be  prpHnt  {Camp,  Prcvo«C,  jIm. 
CMm.  Phyi.  31.  <2il).  On  the  otJier  hund.  Clemtiit  &  DewrineB  admitted  air  into  n 
im [i«rf(>ct  vacuum  prodU'Ced  by  tbe  jiir-pump,  aud  atCriljutrd  ch»  riie  of  <raipnatvn 
thereby  produced  to  that  porti-aa  of  beat  trhich  ivas  driven  out  of  th«  eDi|ity  apMc  by 
tlic  air  which  entered.  But  tlii«  ri»  Af  tcUipCrsttltti  may  be  better  fTinlainrd  oq  IIm 
aii-pjiniitiaiL  that  the  air  still  contained  in  the  vesspl,  a<  veil  as  tbat  wbicii  Arft  eutrrl,  M 
tuimpresaed  \}j  the  portion  nliii'h  follows,  niid  thus  its  spe-ciAc  heat  is  diminished.  Aii[. 
dc  U  ttivc  tt  F.  Morcet  have  also  shown  [Biil.  unir,  22,  265)  that  tvhcn  ■  tbemo. 
fnCl^r  i«  ]ihccd  in  the  vacuum,  c\o6e  to  Ihe  opening  at  wltict  the  air  enters.  It  irnki 
during  tbe  lirst  two  or  tlirce  seconds  vhen  the  air  enters,  and  afterwardl  risH.  ibpwinf 
Ibit  the  air  which  lint  entcm  ab!;t>rl)(i  heat  an  consequence  of  its  eipaaHon,  uid  aflcr- 
WAnl!i  evolres  it  whfn  Couiprcsafd  by  the  portions  vrliieh  sDb«et|uentiy  entM*.  The  fbl- 
loHinj  cziperimeut  likewiie  ghe*  a  einiiUr  retult.  When  oil-^,  camprweil  to  30 
■itEDOBpberei,  is  ihuEq  to  floir  into  a  cylinder  -3  feet  lon^i  and  clnced  at  the  fiirthev  mi, 
that  «nd  becomes  very  warm,  and  tiif  end  at  which  the  pii.  enters  very  oold  (Qm,  /,  ^ 
Sajf.  hui.  JV.  S.  2,  (;4i  also  S^Aw-  51,  I(M1>.— If  capacity  for  heM  be  due  to  thaaOc 
iloB  of  beat  to  pondemble  bodies,  vuch  capacity  can  enrcely  be  ascribed  to  ■  ncmua. 
On  the  other  band,  the  prcicucc  of  a  certain  quantity  of  heat  in  the  vacaam  miDOt  bt 
denied.  For  tlie  adheaiou  or  the  heal  lo  tbe  solid  mdla  of  the  empty  epiwx  anaM  otct- 
come  Itt  upaosivD  fore>o  la  inch  an  extent  as  to  prevent  any  of  it  from  rvmuning  ia  lb 
empty  spare;  and  the  hotter  the  wall*  are,  the  greater  %ill  he  the  qunniiiy  of  heat  Ml 
In.  the  free  unalisOrbcd  >talc;  or,  aecorfling  to  the  crdiuory  Tiew,  ihe  opppjite  aralll  (rf 
the  *acDum  emit  and  receive  mys  of  beat  through  it,  and,  consw|uent]y,  the  «ar« 
Muit  be  Atked  with  tluM  rayi  of  heat,  croa*ing  each  other  in  all  dlreetiout. 
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,Iie  fcolingEi  and  to  ttie  tliemometor,  tcing  then  in  a  stale  of  clicmicnl 
eomljiriatioii,  and  tbereby  dflpnvuJ,  ti>  a  certain  extent,  of  iU  elasticity, 
"When  these  bodies  return  to  tbcir  furnier  state  of  agpregation,  tliie  portion 
f>E  Lent  is  set  free  nwl  ngnin  becomes  eoiisible  to  the  feelings  and  to  the 
tberraojDeter.  Tlio  heat  thus  combined  wit3i  ponderuble  bodies  In  the 
lirguid  at»to  thence  called  CoviHrwtJ  oi  Laienl  Heat,  inasnmch  03  ita 
tendcticy  tu  er[uilibriiiiii  is  to  a  certain  extent  overcome  by  the  adiieaion 
of  tlie  p&ndemble  substince;  likewise  lltat  of  Fl-uidi'^r,  inasmuch  ns  it  is 
r«jgarJed  as  tlie  cause  of  fluidity  in  ponderable  boJie^.  It  is  however 
jirobable  that  solid  bodioa  also  cont;iia  heat  cheinictilly  combined  with 
tht^in,  win  he  ^aa  by  II. — It  a,ppeaTg  tli«A  that  a  body  may  contain 
heat  in  two  atateSj — firat,  chemically  comLinecl, — seconilJy,  retained  by 
adhesion. 

1.  Formation  of  Liquids. 

A  solid  body,  situated  in  a  colJ  mediiim  into  which  heat  is  sradaally 
introduced,  becomes  capable^  wlien  the  medium  baa  attained  3,  certaiD 
temperature,  of  fixing  a  portion  of  the  heat,— and,  if  subjected  to  external 
pressure,  forma  a  liquid  by  combiiiing  with  it.  The  temperature  at  which 
this  fuEiioii  takes  p]a«e — the  Mdting  Pmnt  as  it  ts  called, — ta  very  diffe- 
rent in  different  Bubstanees.  The  greater  their  afiinity  for  beat,  the  sooner 
do  thty  fix  it  even  when  diffused  through  the  medium  in  very  small 
quantity;  the  smaller  the  affinity,  the  greater  must  bo  the  quantity  of 
heat  collectdl  in  and  about  the  bodies  in  order  that  ita  expansive  ten^ 
dency  may  be  overcome  by  tlmt  affinity. — -Atcohol  ia  liquid  at  -~  flO", 
nicrflury  fuBca  at  —  lO"*,  Ifio  above  0',  sulphur  at  +  10&  ,  many  metali; 
belun-  a  ml  heat,  others  not  till  miaed  to  the  highest  attainable  tempe- 
ratures, and  carbon  probably  uot  at  any  temperature  hitherto  produced. 
Kcuce  the  distinction  betwoeu  easily  /tiaibfe  and  refractory  sjilgtancts — • 
Corpora  jUfibiHa  and  rrfradaria.  Those  compounds  only  are  infusible 
which  decompose  below  their  melting  puint;  «.  g,  wood, — Tho  liuue- 
factiun  of  many  feubhtancea  ia  preceded  by  a  softening  wbirh  ronders  their 
particles  capable  of  sticking  together ;  e.  g.  the  welding  *A  iron  and  other 
metals,  baking  of  porcelain,  softening  of  wax. 

The  melting  point  of  each  individual  body  is  perfectly  Constant;  for 
as  long  as  any  of  the  substance  remains  to  be  fused,  it  renders  latent  any 
quantity  of  heat  vbieh  may  be  added  in  cxt^esa;  and  it  is  not  till  the 
fusion,  is  quite  complete,  that  a  further  accession  of  heat  causes  the  tem- 
perature to  rise.  If,  on  the  contrary,  the  qnantity  of  heat  in  the  sur- 
rounding medium  be  diminiahed,  the  liquid  previously  formed  tirst  givea 
up  to  the  medium  raoreJy  that  uncombined  portion  of  heat  by  which  ita 
temperature  had  been  raised  above  the  melting  point;  hut  if  the  tempe- 
rature of  tho  medium  ultimately  falls  below  the  nieltlag'  point,  the  ten- 
dency of  the  heat  to  dilfiise  itself  through  the  surrounding  meJi'jm  over- 
comes its  affinity  for  the  aolid  body,  tho  heat  leaves  the  ponderable 
matter,  and  the  latter  returns  to  tho  liipiid  atalc.  The  temperature  at 
which  a  body  BolidiHe?,  or  the  Fresz'mfj  Point,  generally  coiueidee  with 
the  melting  point ;  for  jual  aa  when  heat  is  communicated  to  a  solid  body, 
tho  temperature  of  that  body  does  not  rise  above  it*  melting  point,  till  it 
has  abBorlwd  the  quautlty  of  heat  roquirorl  to  melt  it, — so,  on  the  other 
hand,  a  liquid  docs  not  generally  cool  below  the  meltisg  point  until  com- 
pletely solidified,— hei;ause,  so  long  as  any  portion  of  the  6ubs.tattL'e  re- 
inains  in  the  liquid  etate,  the  abstraction  of  heat  from  wilhout  i.^  compcn- 
sated  hy  the  conversion  of  latent  into  sensible  heat.    Novertheloaa^  somo 
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liqniilfl,  e.  g.  water,  when  kept  perfectly  at  re«tj  may  bo  oooled 
(Icprcee  bcluw  the  tpeltin^  point,  aud  in  Tnntsy  cnfea  will  solidify  itutu- 
taneouely,  particularly  when  dieturbed,  tlie  temperaturo  nt  the  Bams  tim 
riaing  to  the  melting  poiut.  ( Tii/,  pp.  9,  JO.) — Respecting  tho  difficf**' 
freezing  of  -water  iu  vesseU  exhaueted  of  air,  vid.  Angnst  and  Kr 
[Pogif.  52,  and 

Pure  watflr  wbeu  agitated  can  be  cooled  but  very  littlo  below  tin 
melting  p+iiut;  but  with  nqueoiia  aoltttionK  of  salta,  ereii  when  tbcy  atfl 
strongly  agitated,  the  rooHng  may  be  carried  a  d^gTM  ot  even  Bcvenl 
dcf^reea  below  the  melting  puiiit, — tLo  niAtorial  (whether  gltLS9,  loai  or 
iM>pper,  of  which  the  vessel  coiOMM,  appearing  to  have  no  influeoM 
the  r«ault.  (Despretz.) 

a.  Quantity  of  salt  dissoWed  in  1000  parts  of  wator. 

b.  M&ximum  of  cooling,  before  auliditication,  of  a  33.1ino  solution 
t^ned  in  n,  fopper  vcaael  surrounded  with  a  freezing  mixture  and  stirred. 

c.  Melting  point,  ot  tt^mperaturo  at  the  oomuioti cement  uf  8nlidi£- 
oatioiL 
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Dry  CKrbot»t«  of  SodiL 


Dry  Cnrbonnte 
dF  Soda. 


Chloride  of 
SwUain. 


6' 171 

37-039 
74-078 


b. 

2-29 
2-41 
2-73 
2-26 
6-03 


019° 

0'37 

0*76 

M6 

lie 

1-82 


h. 

l^l" 

1-53 

l*4 


0-16 

0-95 


b. 
042" 
^20 
2-25 
2-77 

9-83 


0'36' 

071 

HI 

2-12 

9-20 


b. 

1-38" 

\\t 
3'92 
5  59 
3  W 


When  more  thiin  21-893  parts  of  carbonate  of  eoda  are  dissolred  la 
1000  part*  4jf  water,  the  eolution  when  ajjitated  dt'p'jaitfl  crystals  of  Uu 
salt  iiiatoitd  nf  ico.  It  19  renmrkiLhlqi  that  tho  elUoresceeit,  Ie«8  mluUg 
CBrhgniite  ofAoihi  lowers  the  freezing  point  of  water  more  than  oirboDtlfl 
of  potash;  on  the  other  hnnd,  Ike  more  4DlublQ  sulphato  of  soda  loirtn  it 
further  than  eulphaie  of  potwh,  (Desprets.) 

When  ice  at  11°  \%  mired  with  an  ef{U3.l  quantity  of  wntor  at  75*,  ill 
the  ice  melts  and  ilio  water  prudiircd  bn^  the  temperature  of  0°,  CtOt- 
«qiictitly,  15  degrees  of  hent  (=  135'  Fah.)  are  absorbed  from  the  watw 
and  enter  into  a  stute  of  chciiiic^l  conilnnatioa,  in  orjer  to  coavcrt  M 
e^ual  quantity  of  ice  at  0°  into  water  at  0°.  If  wa.ler  at  0"  bo  niiltd 
with  ice  below  0%  ibo  water  freezes, — and  the  tompomture  of  the  ice,  whu 
the  right  proportiona  have  been  observed,  riacs  to  0*.  lib,  of  In  »l 
—  75*  mixed  with  lib.  of  water  at  0'  would  yivo  2lb.  of  ics  at  0^.  U 
this  case,  Iiitetit  heat  is  ret  free  and  rai.'^os  the  tempera  tore  of  the  ice. 

Whilst,  aceordipg  to  this  result,  the  latent  lioat  of  water  appears  to  fc* 
T5%  that  of  tin  in  only  13'3U",  and  of  lea.1  S-ass'.  (Hudberg,  Po^.  19, 
135;  tomp.  G.  A.  Emmn,  A.  &  F.  Swanhcrg',  Doflprctj!,  PtMjy.  20,  t 
2fl,  201;  j2,  177).    According  to  1  ho  last  mentioned  obsetvQrti,  la" 
beatf  like  spocifie  heat,  appears  to  vary  nearly  in  tho  inTorso  ratio  of 
iktvialo  weights  uf  tho  bodies. 
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If  De  la  Proroisiiiyo  &  Deeiitna  mvke  the  latent  hent  of  waMr 
=  1  C. ;  Heyiiatilt  found  it  tu  he  7Ef-24  by  one  cxjwriiuOTit.  aii<l 
yn-OB      another.    The  m«s.a  of  those  resulta  is  79'2''  =  J  <2  fr'  (Pah.) 


LATENT  HBAT  OP  LIQUIDS. 


Person  (Poffg.  70,  300;  S.  Ann.  Chim,  PAyt.  21,  295;  fthstr.  Ann. 
Cheta.  Phann.  74,  17S)  Laa  dfttermiwed  tbe  latent  heat  of  fuMOb  of  IS 
anbstancee,  and  likewise  their  specific  Ucat  iu  the  liq^uid  state^  Tiio  fol- 
lowing are  tbe  roeulte : 

Latent  ffeai. 


Substance*. 

Melting  point. 

Lntent  Hiut  for  tbe 
unit  of  V)ngfat. 

23&°  C. 

H'3" 

270 

12-4 

sas 

5  IS 

96 

145 

r-63 

44*2 

fi-0S4 

lis 

aiO'fi 

62-98 

33» 

4r-371 

Pliosphiite  uf  Bi>da,  PO^,        0,24110  .. 

3fi'4 

5-1-65 

2S-a 

4S-79 

62-0 

43-51 

Specific  BeaU 


SqIi  stances. 


rcmperaturps  hetW'i«n  which  tLe 
sfKcitic  heat  ttu  determin£4. 


Tin  

Biimuth  >  .>  : 

Lnuk  '  

D'Afcet'i  •Uoy,  Pb»  Sn"  Bi*  

Fusible inet&l,  Pb  Sn<^BI   

PhoiphoniBi.  1.  

8ii])iliar  .  - . .  t   ..1- 

NLtntte  of  HoJa.  .  ■  ........ 

Nitrate  of  potaih  

PJtoiphate  of  loda,  ZN*  O,  P  0»  +  24HO 

Chloride  fif  calciuin,  Ca  Cl.  GH  O  .. 
II  (I 


Beerwax  (yellow) 


Toe 


340' 
3/0 
440 
^00 
136 
SO 
00 
339 
100 
147 
4S0 
4:15 
79 
8 
127 
100 
fiO 
28 
2 
102 
&B 
42 
3fi 
2 
0 


and  240° 
„  280 
..  240 
136 
„  107 
" 

„  143 
M  50 
„  120 
„  350 
.,  3fcO 
44 

.,  100 
..  60 

„  31 

„  -20 

M  6G 

M  « 

-ao 


Tbc  latent  bent  I  of  tlieso  bodice  may  be  ©«pW8»d  by  ttie  fonnnln 
(ISO  +  ()  ^ 

wtoTO  i  (lenotea  tbe  molting  point  in  ceotigtudQ  degree^  }=  C  —  «  fho 
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difference  of  specific  iieat  id  the  wli  J  (  =  c )  and  tbe  liijuiil  Blale  (  =  C 
For  example,  we  havo 


lie  (  =  C 


Melting 

point. 


SpEciiii;  tltat  ia  the 


eblid  atatr. 


liquid  Sitntf. 


Wftier  

PEioipKorvit  

Sulpbur 

Nitrate  of  s<iAt  . . . 


0" 
44 '2 
115 
510-5 
339 


0-1  ;88 
0-20235 
0-27S21 
0'23B?5 


roooo 

U'3318S 


79-25 
J7-371 


;9-2fl 
5  243 

63-4 
46-462 


TIm)  abore  equation  fihowa  that — J^o  obtain  the  latent  h*nt  of  a 
the  dlfereni^e  of  Us  (ino  gpeeife  lieats  muA  he  repealed  at  mans/  ''fw*  «* 
thetv  are  degrees  betmm  —  1 60"  and  its  mdthig  point. 

From  tliis  it  ia  prabaljle  tbat  —160'  C.  or  — 256'F.  i«  tbe  abeolul* 
zero  of  heat;  ^mt-a  otlierwise  ivo  BhiiU  Iig  obliged  to  udmic  tLat,  ui  teni- 
pcrftltirea  below  —160'',  the  difference  botween  tlie  epeclGc  heats  in  llie 
solid,  and  liquid  states  muut  for  all  bodice  be  equal  lo  iiotliitig'. 

The  preceding  fuminht  k  not  applicable  to  the  metalf,  inasinucli  ns  for 
tUeso  bodies  tlm  value  of  i  ia  aluitisK  uothing.    Fer:jOii  is  howot-cr 
oplnioti  that  if  tbe  metals  could  be  retuiucd  in  the  liquid  eiaXa  bel' 
tiieir  wrdiniiry  melting  pviots^,  tbeir  specific  lieat  (  =  C )  in  thia 
would  be  fownd  to  be  much  greater  than  it  \6  at  leniperatnrea  sWre 
melting  point,  and  consequently  ^  =  C  —  c  would  hare  It  more  consttlpT- 
able  value. 

Accorfling  to  Person,  the  l&teut  heat  of  fluidity  ia  not  a  constant 
quantity,  but,  like  tbe  latent  heat  of  vaptirizAtlon,  variable  n-ith  ihe  Im- 
pfToivi-e.  Thus,  I  kilogramme  of  ice  at  —  20' C.  ro([uires  JO  uotts  of 
heat  to  hiring  it  to  0"  and  70-2  units  to  melt  it;  in  all  therefore  89*^  uni 
Now  if  water  at  0"  be  cooled  t«  —  20",  it  loROa  20  units  nf  heat, 
according  to  Person's  eitperiinenta,  the  specific  heat  of  water  does 
ftlt«r  mu-iibly  at  temperatures  helow  0^  Conseiiuently,  when  it  freezes, 
can  only  give  up  80'2  —  20  =        unita  of  beat. 


Mostbodtea  contract  in  passing  from  the  liquid  to  the  solid 
tlie  followinj;  only  are  known  to  expand  iu  undergoing  this  change: 
bii-muLh,  and  cost-Lron, according  to  Reaumur;  copper,  according  loKmnta; 
stWer  acKiording  to  Persoz  {Chim.  mahcul.  240);  certaiu  alloys  of  bisBinA, 
nnd  likewise  oxide  of  Ica-l,  accordini;  to  Manx,  Tbe  oKptuision  of  aati- 
lonny,  oIiMi-rved  by  Reaumur,  not  iconfiniipd  by  the  ex[>erimontc  of 
Manx,  Water,  according  to  Leroyer  &  Dumas,  cxpnmls  iu  frecun^  by 
j'rt  of  its  volume  ;  bismuth,  uccordiilg  to  Manx,  ut  least  ^'y.  Solid  piMM 
of  the$o  suWtancDs  6uat  on  the  niclt.ed  portion.  The  outer  portiun  «f 
tbpae  liifuids  hciiig  generally  tbe  tirat  to  solidify,  the  enelos^  portiiw 
which  Atill  romnins  liquid  splits  tbe  »ioIid  crust  or  the  reseel  in  oooltn^ 
and  forms  an  opening  by  whleh  a  portion  tlows  out.  Meltt-J  btsiasUi 
dniwn  lip  jtito  aglfisstubo  hurstait  in  woIiJifylnrr.  (Marie,  Schw.  58,4.54; 
J.  fr.  Ohem.  22,  13.^.)  Tliia  expansion  eecms  to  bo  connected  witJi  llie 
fiiet  that  Buc\\  bodies,  water,  e.  i/.^  att.iin  their  greate.'=t  density  wrenl 
degree!  shore  tbcir  fnvKing  points,  and  when  cooled  below  tbe  putieolir 
tenii>ernt u re  which  ^ivcs  tbe  maxtiiiuin  density,  expand  more  and  mon 
tiicy  approach  the  freezing  point,  (p.  22,';.) 

Metallic  nlloya  oftea  exhibit  two  solidifying  point^^  that  is  to  aj,— 
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wliftn  tlie  melted  mass  is  CCfoling,  tlio  temperature  remaiRS  constant  for 
some  tin-ifl  at  livo  diflcreiit  points,  T|ti§  talies  pWe  wben  tLe  metals  are 
not  combined  iii  the  stuicliionietriica]  pr&portion  iu  which  tliey  iiuite  into 
a  BOlid  compuuml:  in  fju<:li  b,  case  the  invtal  which  is  in  Ckcesa  solidifies 
first,  and  ttio  mora  intimate  coinpouud  ut  n  lower  t-emperature.  {Po^if- 
IS,  240.) 

On  the  comprcfieihility  of  liquids — which  is  of  very  small  amount,  and 
at  luaflt  in  the  caao  of  wn.ter  followa  Mariolte's  taw — 1>^'^^.  Oeratcd  (Schw. 
52,  a) ;  Colladoii  &  Stunn.  (Ann.  Chim.  Phys.  35,  113;  also  Pogg.  12, 
39,  and  161.) 

2.  Vaparization. 

All  pondei-ahle  Ruhstancea  havo  n.ii  ntlinity  for  beat,  in  coneeguonce  of 
wliifh  tlicy  fudeavour  to  combine  with  it  and  foiiii  Elastic  Fluids  or 
Gift*.  Every  goa  coaeists,  therofure,  of  Leat  and  a  ponderable  subbtauce, 
the  Fondeyabh  Basis  or  Mattriat, 

TLiii  affinity  dilTers  greatly  in  Bmoimt,  Substances  which  liare  great 
tendency  tu  aHSum«  the  gaseous  form  are  called  Volatile;  those  in  which 
this  lendency  is  sroall  arc  cjxllod  F'lxeit;  Cirpora  vr>fati/ia  ami  Jira.  On 
the  TYhftlc,  the  vciliilility  of  bodies  fottows  the  same  order  nk  their  fusi- 
bility; flflTerthclesB,  water  is  nioro  volatile  than  inercnry  c>r  nil  of  Titriol. 
— TtiG  more  intimate  the  union  between  tbe^  ponJerahle  body  and  heal, 
the  greater  la  the  difficulty  of  depriving  the  body  of  its  g;a.seon3  Form  by 
extcrnni  [ireasnrc  ant!  cooling, — the  more  pennancnt,  therefore.  Is  the  gas. 
A  griidual  tntnttition  nevcrthcleaa  exists  from  those  jpisea  which  are  either 
Dot  ciindtnEable  at  alt,  like  oxygeu,  or  only  by  very  atroag  pressure  and 
eooliug,  liko  carbonio  acid, — tu  those  which,  liki?  the  vapour  of  Iron,  exift 
only  at  the  highest  known  temperatures.  Gases  may  therefore  be  divided 
ipto  Ptnuaiient  Gates,  which  retain  thoir  gaseous  foria  under  the  ordinary 
atmoepheric  pressure  and  at  0",  aTsd  Vnpourt  which,  under  these  oircum- 
etancof,  return  to  the  liquid  or  the  solid  state. 

Hcftt  is  contained  iu  gases  in  larger  quantity  than  in  liquids;  it  pro- 
[lominatea  iti  them,  overcomes  the  cohesion  of  their  ponderable  matter, 
and  imparts  to  them,  on  the  contrary,  a  tendency  to  expand  without  limit 
v-hen  not  prevented  by  ertemal  obstaclea.  This  expansive  tendency  of 
gases  is  their  Etasdcitif  or  Tension.  In  the  same  gasj  and  at  the  same 
temperature^  the  tension  varies,  act-ording  to  MarioLte's  law,  in  the  direct 
ratio  of  the  deneily. — It  is  only  when  gases  are  brought  by  pressure  and 
pooling  near  the  point  at  which  they  assume  the  liquid  form,  that  the 
density  increases  Bomewhat  more  rapidly  than  the  elaatieity. — This  pecu- 
liarity 18  exhibited  not  only  by  vapours,  but  also  by  those  more  perma- 
nent gafiG9  which  may  be  liquefied  by  strong  pressure,  e.g.,  sulphuretted 
hydrogen,  ammoniu,  cyanogen,  and  {iiccordiiig  to  Oersted)  sulphuroue  acid 
gas.  If  equal  measures  of  air  and  nmmoil'A^al  gas  aro  Oif(>08cd  to  the 
same  pressure,  llie  latter  is  condensed  in  a  higher  degree,  as  if  it  were 
cxp'iued  to  a  stronger  pressure,  and  this  difference  increases  considerably 
as  the  pressure  becomes  greater : 

Air   l'819Het....    2-582  Met.-..     3 ■« 63  Met. 

Aumoniflcd  ga   VSiO    „  2-663  4  13:^  „ 

A  condensation  of  air  eorrespondEug  to  a  preasuro  of  3"863  met.  of  the 
mercurial  column,  produces,  therefore,  the  same  condensation  of  amino- 
niacal  ga«  as  if  the  proasiire  were  that  of  a  column  of  4'I32  met.  (Ueaprctx, 
Ann.  C/iivK  Phys.  34,  335,  and  'H3;  aUo  Pogg.  9j  GOSj  also  .S'<Aw.  51, 
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when  tlio  mclteJ  mas,«  is  cooling-,  llie  temperatore  rankiu 
snnic  ime  rit  Ivro  ilitToreut  pniuls.    Tliis  ta.kes  plare  wken  tfce 
not  coiiibineil  in  tlie  flloicht&niHtncal  pmporlion  in  wbich  iWy 
a  solid  compoutiil;  in  eucli  a  ca^e  the  lueliil  nhicb  ia  la  »een 
Erst,  and  the  mare  iatimute  compound  at  a.  loirer  tnapentete.  {Am. 
18,  240.J 

Oq  tue  compressibility  of  liquids — wliich  is  of  Tetry  mall  mmoI*  mi4 
Bt  !eaal  ill  tlie  casu  of  water  follows  Mariotle'a  law — «h£.  Ottdai  ifldkA 
52,  yj:  Coiladon  &  Sturm.       Mji.  CA("jb.  PAv*.  35,  113;  klw  Afy.  Ul, 

39,  and 

2.  Vaporization. 
_A!1  ponilerablo  substances  have  nti  affinilj  for  licat,  n 
wbicli  they  L'ndL^avour  to  voinbiuc  with  it  and  fonn  Etn^ 
Oa»et.    Evory  gas  consists,  tlierefgre,  of  heat  and  a.  pcmdvnUe 
tlie  Ponderable  Bam  or  Material, 

Tbiy  afiioity  differs  greatly  in  amount.  &uli:^tAQO««  wbidi 
tenrleiLcry  to  asd^umc  the  gaseous  fumt  are  called  VrA^ttUr;  tbaw 
tbid  tenJency  is  .iihaI]  are  calltfi  Fixtd;  Qorpora  volalttii  m4  JCm*  0» 
the  whole,  tne  volalrlity  of  boilis!S  fojlowa  the  same  order  ■■  Aiir  farf" 
bility;  uevprtbclofts,  water  is  more  voliitilo  than  niercunr  or  etl  •!  litml* 
— The  mnre  intiiMat^c!  tlio  union  hetwccn  the  pond^nble  !•••*» 
the  {Renter  is  tho  dilFiculty  of  depriving  the  body  of  Ha  ^«Mt  iHii  \f 
external  pressure  n.nd  cooling-, — tho  more  permanent,  thcnefot*.  M 
A  gmJunl  transition  Beverthclefis  eiiste  from  tLone  gwci  wineb  w***** 
not  coodi^n^ablei  at  all,  like  oxygen,  or  only  by  very  vitoiiK 
cooling,  like  carbonic  acid, — to  those  which,  like  tbe  TapoW  •<i 
only  at  the  highest  known  temperatures.  Gases  may  tbciUil*  t*< 
into  Pertaanent  Gates,  which  retain  their  gAseoan  fom  Bft^cv  ^>  ■ 
atmospheric  pressure  and  at  and  Vapourt  wh'icb, 
etaiiecB,  return  lo  tbe  litiuid  or  tho  solid  atatc. 

Heat  18  contaiued  in  gasoa  in  larger  qnantitjr 
dominates  in  them,  overcomes  the  cohesion  of  thrir 
and  imparta  to  tlieni,  on  tbo  contrary,  a  tendoncy  I 
*-hcn  ntit  prevented  by  external  obetacleB.  TUa 
ga&e^  is  thQir  Ufaaticili/  or  Tension.      In  the  mmm 
ieuiperature,  tbe  tension  varies,  according  to  MmmmtmS^  >* 
ratio  of  the  density. — It  ia  only  when  gajtm  n 
cooling  near  the  point  at  whieh  tb«y  bm^h 
density  incrcase^^^utbat  more  ra|mlly  tba* 
Jtarity  is  cxhillMHIBlfr.ly  liy  va]»&an,  W. 

I  iqneticd  Vrr  aerta^fMH^K 

m,  an  ' 
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108.) — Even  carbonlo  acid  gaa,  wbioli  is  not  bo  easily  liqnafiod  u  tkt 
gases  jnst  Tiientionod,  has  a,  ilcneity  eomewliiLt  too  great,  even  ander  Uw 
oTdinary  pressnre;  it  floes  uot  exactly  follow  Ma.riott«"»  liiw,  tUI  Un 
pressure  la  reduced  to  less  than  of  an  atmospliere.  (VVrud^  A  nn,  i'Aara. 
38,  140.)* 

All  pDiidcmMo  Bubsta-ncoe,  when  Jii  the  gaseous  fynn,  nrcruducnIU 
their  utmost  state  of  expansion  and  rarity,  and  ]:Mvae  tlirou^U  opening* 
which  nre  iujperviouB  to  liquids  and  eolids.  All  gascB  are  traABputnit ; 
moat  of  tliam  coluurlcsB. — The  gautis  of  chlorine,  oxide  ff  chlorine,  kJa- 
nium,  and  sulphur,  aro  yellow, — uf  brumine  and  hjponitric  Mi>i  red,— 
iodine  riolet, — and  of  mdigo  reddish  purple. 

A,  Conditions  of  P<ip^?riia(t#*. 

a.  A  ceriain  tpaee  m,mi  he  altomd. 

Every  poiidorablo  eubstanco  takcis  up  a  greater  space  in  the  gunou.* 
than  in  uie  liquid  or  solid  state.  If,  therofore,  a  lioliu  or  liquid  hvdy  t>« 
closely  confiiied  by  an  unyielding  envelope,  uo  formation  of  ga«  can  take 
place  at  any  temperature,  unless  the  euvelope  be  burst  open.  If.  on  tkt 
contrary,  tlio  body  bo  situated  in  a  vacuum,  a  portion  of  it — coiTC9|>oDdiJU 
to  tbe  magnitude  of  the  empty  space,  the  temperatLire,  and  tht^  uaturs  u 
the  anl^tance  itself — will  bo  couvertoii  into  gas. 

Wlieii  iL  certain  (juautity  of  j^iuj  Uns  been  generated  in  an  empty  spoct, 
tti^  expanstvo  teiadeucy  of  the  gas  iilrcvly  produced  hinders  the  roithtf 
vaporization  of  tha  remaining  .suliataiicu :  for  thia  would  produce  oom^m^ 
lion  of  the  ga.^  provlou^jly  fomed.  Kq^udibrldm  is  therofore  wtAblubed 
between  the  6la^tii-ity  (>f  tlic  gtiino rated  gas  and  the  tendency  of  th«  re- 
maining matter  to  combino  with  boat  and  form  mora  pia, — and  thaaU)« 
furtliur  production  of  gita  ia  prercnCe<l.  The  ctopty  space  is  now  talitntti, 
aa  it  were,  with  gas  at  the  given  temperature,  or  a  isatitrated  gas  has  beta 
produced.  But  if  the  temperature  be  raised,  the  aiKuity  of  tbe  liMt  for 
the  reniainlng  nialtfr  will  ovei-cotiio  tlie  oLaaticity  of  the  prcvi&adjr 
goneratcd,  and  a  further  production  of  gas  will  taKC  place :  a  larger  ijuut- 
tity  of  gas  is  thus  accumulated  in  tbe  same  Jtfiace, — in  couBequenro  of  whidi 
the  elostitiity  inereoses,  and  gradually  attains  Huch  a  di,'groe  of  (otvt  tloi 
equilibrium  is  again  established,  and  the  further  aecuniulation  of  gu  if 
Btoppod.  Tbe  higher  thorofwro  the  temperature,  tho  greater  iu  Iho  (jiaa- 
tity  of  matter  vapori'.^ed  in  vacuo,  and  the  greater  ar«  tho  ili}D£ily 
elasticity  of  tho  gas  or  vapour  produced. 

Tbe  gaa  coutNined  in  any  apace  ia  nniiUilfVifJ,  whi^n  au  addilxMl 
quantity  of  tbe  siuii«  vaporlziihlo  bubstEiuco  iutroduced  intQ  it  is  likwil* 
oonvortod  into  gsui.  TIium  carbonic  acid  gas,  at  ordiaoTy  |irMsima  in) 
temporataros,  is  an  tiusaturatcd  giuj  for  lii^uid  turbonio  ilckI  iotrodvct^ 
into  a  apace  filled  with  it  vapoi-lu-a  iu  larg«  quantity, — Aud  it  ia  nottiB 
the  va[Hirizatiun  ia  cudod^  wd  a  portion  of  carbonic  acid  ttUI  niauiv 
liquid,  that  tbe  gas  cab  be  regarded  as  aaturntod.  Tbe  Dame  ia  tru«  ol  >fi 
gases  which  ore  permanent  at  orditiiry  |]!M^sj>uro3  and  tempqratucw. 

Atfobol,  ctbur,  nr  rock-oil  oticlosed  in  a  tubo  of^rung  jgUst  or  irMi* 
completely  converted  into  vaponr  on  tbe  application  of  heat,  only  wk« 
the  wjwce  not  ticcnjiit'd  by  tho  liquid  in  somewhat  greater  than  (bo  rtim> 
oftlie  liouid  Ils<;lf.  With  rock-oil  tbe  enqity  space  may  lio  hoiimvIbI 
uaalW  tuou  witli  ulcobol,  and  with  ctlicr  still  lees.    Alcohol  wh«a  ita 
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lioatej  ELCtjiiires  in^rGascd  mobility;  oxpauds  to  twico  its  origiDal  volume, 
and  is  then  eudJeuly  couvorted  into  vapour;- — this  cbarigo  takes  place  iit 
207'^  C,  {i04'G~  Fab.),  vhen  the  alcuhul  occupies  juat  lialf  the  vuEuuio  of 
the  Luho.  Jf  the  tube  ie  more  than  irnlf  filled  with  aloohal,  it  bursts  wliea 
hciiLed.  A  glaee  tube  one-tliird  with  water  beeoiueif  opoqae  whea 
heated,  iLntl  burstti  lifter  a  few  seconds.  If  tbis  cheuiiciLl  action  of  tlie  water 
on  tlie  g-La*a  bo  diinipisJted  by  tbo  additioa  of  a  little  catbonnte  of  60<!a,  the 
trausparency  of  tbe  gloa*  will  be  mncb  leae  jmpniredj  aud  if  tho  apace 
occupie'd  by  the  water  be  \  of  the  whole  tube,  tho  lic^uid  will  be  ■non  verted 
into  vapour  at  about  the  tempertituro  of  melting  zino.  (Cfi^niard  de  la 
Tour.)— If  liquid  carbonic  ncid  sealed  in.  a  glass  tiibq  ocoupies  \jr  of  the 
rolumc  of  the  tube  at  0^.  lit  neither  increases  uor  dimitiishes  in  bulk  when 
heated,  because  the  increase  of  volume  produced  by  tealing  iajnat  com- 
pensated by  tho  diminution  CRiiaed  by  vaporization,  If  it  occupies  J  of 
the  epaee  at  0'^,  iia  volumo  diminishes  when  it  La  'heated^  and  incroasoB 
when  it  ia  cooled,  becauee  tho  loss  by  evaporatioD  preponderatua  over  the 
expansion.  If  it  iakea  up  ^  of  tho  ji]>acc,  ita  volume  increases  by  heat  and 
contracts  hycoldf  ae  in  a  thernioineter;  but  at  -f  30"  (Hfl  Fah.)  the  whole 
is  converted  into  vnpour.  Tho  gus,  wbicli  at  0^  occupies  tho  space  (ibove 
the  liquid  carboaio  atid  would,  if  condensed,  yield  -^^  of  its  Yoluioe  of 
li(];uid  8«id;  aud  that  which  is  produced  at  +  30"  would  give  ^  (|3  Gm.) 
of  ita  volume  of  liquid  carltonio  acid  at  0".  (Thilorier,) 

WhfQ  a  voktile  substance  is  heated,  the  tonaioti  of  tUe  gas  increaaen 
in  a  much  bigSter  ratio  than  it^i  density,  bec;auee  the  beat  cot  only  ia* 
oreates  tlio  olaaticity  by  producing  more  gaa,  but  likewise  by  its  expand- 
ing force  imparts  a  higher  degree  of  elasticity  to  tbfe  gaa  already  formed. 
In  the  cose  of  water  the  following  table  has  been  calcutnted  by  Desprets. 


Tetaperature. 

ElMtiaty, 

Actunl 
Densitf. 

Doisitf 
eonesponding  to 
Uie  Eliuticity. 

Dia'creotie. 

Ci»C. 

0-005  Met. 

I'O 

0 

ES 

0  023 

4-24 

4^6 

0*2 

50 

0-080 

U-90 

lt'9 

i-9 

7h 

0-28& 

4-i't9 

U-6 

100 

0-769 

110-54 

152'0 

41 M6 

120 

199 -8« 

89-94 

140 

S'3ii6 

308-98 

tn-2 

163 

3-571 

443'32 

The  higher  tho  temperature  tho  greater  is  the  difTorenco;  boticfl  tha 
ftdrantage  of  high-pressure  etuam-engino9.  (Pe^pretz,) 

Lii.4itly,  when  the  voJunje  of  tbe  empty  space  and  tiio  tcmperatare  are 
given,  liie  (jnantity  of  fpi^  produced  varie*  with  tha  nature  of  lAi  bodi/ : 
1.  Aeeording  to  the  affinity  between  the  pntidcnvble  matter  and  heat:  for 
the  weaker  tliia  affinity,  the  smaller  will  be  the  t|uantity  of  gftfl  which  by 
its  tension  will  be  abfc  to  atop  tho  further  production  of  goa;  aud  the 
greater  the  affinity,  the  denser  and  more  olostio  must  be  the  gas  produced 
before  tho  process  of  evaporation  ee&sCB' — 2.  According  to  the  atomio 
weight  of  the  sabstanee:  for  the  atomic  weight  iB  clesoiy  connected  with 
the  qiecific  gravity  of  tho  gaa  (pp.  52  and  G4). 

The  most  volatile  amon^  terrestrial  dub^tances,  ao  far  as  tbey  have  not 
been  prevented  by  combination  with  otliere,  have  tspocially  asKumed  tho 
gaseoiis  form;  anil  tho  aerifonn  mixture  thus  produced  euastitules  the 
Mviosphere  or  Common  Air  flurrouoding  the  earth.  The  weight  with 
which  tliia  maas  of  air  prcasoa  on  the  earth's  Burfsic*  raries  with  atmo- 
^  a  ^ 


spberie  cbaoges  and  witli  tbi>  height  of  tlia  locality.  At  the  lev«]  of  Ula 
eea  it  ia  mainly  e<juftl  to  the  preeaure  whicii  wouM  be  pryducM  by* 
coluiHTi  of  meriuiry  of  the  height  yf  28  Puris  inches  0'^  lino,  or  2i)-92  Hn^- 
lisli  inclies,  or  0'76  metre;  -■ind  the  pressure  coi-reapwntling  to  Ihts  lici^Ul 
w  tskeu  as  the  normn,!  biiroinatric  pressure,  ami  calk-J  Aitnosp/tf/  ic  Prt^ 
sure,  Pressure  of  the  Atmoxphnric  Column ,  Atmotpfitre.  If  ft  ^Itias  tub* 
about  1  metro  in  length,  and  eloseil  at  otic  end,  bo  carefully  lilleJ  witli 
mercui-y  And  iiircrtcd  in  that  liquid,  ttic  prefigure  i>f  the  air  iLct<f  in  such  • 
manner  lliat  the  mercury  within  tha  tube  atands  ahoat  0'7C  iiicL  iiWv* 
tlie  ]^ve\  of  LhaL  witliout.  Tlic  spact?  abi>vc  the  iiii^rciiriiil  coliiinu  id  cilloil 
the  TorriceUUin  vacuum.  The  pRHSure  of  tbe  atmoapbere  aniounld  to 
about  13  lbs.  on  a  &ijiiare  luch  af  »urfaoe,  or  1033  gmmmes  on  u  i^unn 
centimeiro. 

A  vulatilo  body  at  the  surface  of  the  earth  is  placed,  as  it  were,  iuft 
vessel  with  muveable  sides,  wbii^h  pie&a  it  iu  all  dlrecliuDS  wltb  a  fortt 
ef|uivalent  to  the  weight  of  a  columu  of  mercury  0  76  met.  high.  If  tJit 
body  i&  enclosed  in  a  Ueriblo  bag,  or  aLut  off  by  mercury  or  in  any  other 
mauner  from  the  iminodiato  contaet  of  the  air,  its  conversion  into  A.*}iptiQi 
will  Hut  take  plnco  cinless  the  elasticity  c»f  its  ra]>oiiT  &t  the  g^iven  lempt- 
rature  be  at  leaat  equal  to  the  atreioapheric  prcasurp,  or  eutKcient  to  sup- 
port a  column  of  mercury  0-7S  met.  high.  SiaM,  however,  this  elastioitjr 
increases  witti  the  temperature,  there  exieta  for  carh  body  a  certain  xki^ 
pemture  at  whicti  the  elasticity  of  its  mpoiir  is  a  balance  for  the  pre.-binn 
of  tbe  atnioapherc,  and  coBse<]ucntly  canuut  be  restrained  hy  that  pn.'Asair. 
Tills  temperature  is  the  BoUinj  FoinC  of  tbe  body.  At  this  point  il 
paeeea  into  vapour,  iu  spite  of  the  atmospheric  pressure,  as  &oon  aa  Uit 
additional  heat  required  to  volatilise  It  is  supplied. 

If  a  sTibstance,  the  tension  of  whoee  vapour  at  the  given  tcmpentart 
ia  leaa  than  the  atnioAjilieric  preasure,  be  Littroduced  iu  excess  intu  U» 
Torriceltian  vacuum — that  is  to  say — into  a  spaet;  in  which  tbe  prcseun  «f 
the  atmosphere  \&  balanced  by  a  earre?pnn<iin>,'  eolumu  of  inercttry,  Itui 
substance  lille  tbe  empty  space  with  vapour  having  an  elasticity  mr- 
reaponding  to  the  temperature.  By  thie  the  column  of  mercury  lo  tie 
barometor-tabe  is  depressed  through  a  hcij^bt  corresponding  to  tbe  d*?- 
ticity:  for  the  tension  of  the  vapour  now  supplies  the  place  of  pari  of  t]i< 
column  of  mercury.  In  this  manner  the  elasticity  of  a  vapour,  wbeu  1m 
than  the  atinDsplieric  preasure,  may  be  oatiniated  in.  Hues  or  inillim«tn«  «f 
the  mercurial  cotuuia, 

If  heat  be  now  applied  to  the  unvaporized  portion  of  the  boilj  xitiuitoJ 
in  tbe  vivcuum,  the  density  and  elasticity  of  the  vapour  incr«a«!;ik 
vapoui-  depresses  the  mercury  more  a»d  more,  the  higher  the  leinpcrnbin 
ifl  raised,  and  the  more  elastic  the  vapour  in  consei^ueiico  bocouiea;  till  U 
length  the  mercnry  within  tbe  baronieter-tiibo  stands  at  the  same  l«tel  u 
that  without.  This  temperature  again  is  the  boiling  poiiit :  fur  Uh)  tm- 
sion  of  the  vapour  in  wow  of  itaclf  a  lialanco  for  the  pressor©  of  ihp  air. 

As  the  alraosf>heric  preseure  increases  or  diminishen,  the  builiti^  poioi 

— or  temperature  at  which  tbe  body  assumes  the  goeoous  form  riiw6«r 

fallfij  it  is  uiiual,  however,  to  state  the  boiling-point  as  ctirresTWBd^ 
to  a  preeaure  of  0*76  metre. 

In  tbe  following  data  of  the  elasticities  of  different  gaaes,  it  i»  to  b» 
obocrvod  that  tbo  gas  or  vapour  ts  flupposcd  to  bo  in  contact  with  on.TiBrt' 
iioil  matter;  and  therefore  that  a  saturated  vapour  or  ga«  prodnrt^ 
Tbe  more  permunent  gases  aro  exposed  to  the  diil'crenl  lemporstarw  ii 
contadt  with  unvaporiwd  matter  iu  a  ftcoleJ  gluea  tube,  a  ummw  gr»to- 
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ated  ^lase  tube  filleil  witli  air  and  dosed  with  a  drop  nf  ratiemy  {Jtfano- 
nuier)  being  placed  in  tlio  eamo  tube  to  intttcato  the  presBure  by  the  vari- 
ous degrees  of  cftmpression  of  the  endneed  sit.  TWuiore  volatite  eiib- 
Btftnccs  are  introduced  iato  tlie  Torricellian  vneunnif  wbere  (Ijey  depress 
the  inercurfal  cglumn  id  proportion  to  tlic  elasticity  of  tLeit  vapours. 

The  elasticity  of  tLo  more  permanent  gases  ie  exprefiecd  in  whole 
atmospbcteB.  Ju  thia  table,  D  V  denotes  Davy  &  Faradnj  (2'kil  Trans- 
art.  160  and  ISt*);  N,  Niemann  (Jir.  Archiv.  30,  175);  B,  Bunseii 

(Pftg-j.  46,  05);  T.  Thilorier  {Sim.  CAim.  Phys.  CO,  ^34);  M,  Mitchell 
{Ml.  Amgr.  J,  1840,  177,  also  Jh».  Fitarvi,  37,  354). 
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According  to  Oeratedt  and  Swendson,  tlie  teiuioti  of  eulpliuroaa  noid 
at  +  21-25"  amoutita  to  3'26!}  atmoaphereB. 

According  to  Wach  (.S'cAip.  50,  33),  the  tension  of  sulphurous  acid  at 
6-75  =  3'2  and  at  ISS"  =  4-36  atmospUeree,— The  hoiliug^point  of  sul- 
phurous acid  (at  a  pressure  of  0  76  metre)  is  about  —  10°,  that  of  cyanogen 
—  20^,  of  ammonia  —  33  7'',  and  of  carbonic  acid  about  —  50*.  Phos- 
phurctteJ  hydrogen,  hydriodic  aeid,  hydrobromic  acid,  and  hydrotihloric 
B«iid  j^scs  may,  according  to  Buasen,  be  liquefied  by  cooling  to  —  00  . 

The  elasticity  of  vapours  is  expressed  isuMetimes  in  atnioapherea, 
Bonietimes  iei  metrea,  aometlmee  in  inches  and  linea.  The  teiiaion  of  the 
vapour  of  water  at  low  temperatures  ia  the  nicnn  tension  calcniated  by 
Kanitz  (Se/iiB.  42,  385)  from  the  expsrimcnte  of  Rouppc,  Scliniidt,  and 
Ure;  that  of  tbo  same  vapour  nt  high  tempcraturee  la  given  by  Arago 
and  Dulong^  (Atm.  Chm.  43,  T4;  abo  forfff.  18,  437;  alao  ijdne. 

■59,  167);  tliat  of  vapour  of  mercury  by  Avo^dro  (Ann.  Ckim.  Pky».  49, 
389);  that  of  the  vapour  of  Biilphurot  of  carbon  by  Matx  {f}chiv.  62,  480), 
au'l  those  of  the  vapours  of  alcohol,  ether,  rock-oil,  and  oil  of  turpentine  by 
Ure.  {PJnL  Trnns.  p.  33Sj  also  Schw,  28.  328.)    Some  of  the  fol- 

luwing  eeries  are  merely  exlraets,    Pegreoa  of  Reaumur  atiJ  Fahrenheit 

will  also  be  found  hero  and  there. 


According  to  H  fem^r  AUtemout,  5. 
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Vipour  of  Water. 
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Kock-oil. 

^  I 
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Ure. 
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Ure. 
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Kngl.  in. 
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Tlio  tent^i'm  of  the  rapuur  of  eulpLuret  of  carbon  at  12°  C.  amoucls  la 
0'2  mclro  (Berwlius  &  Marcet);  !xt  22-5"  tq  y-3!&4  M.  (CIuKel);  »t 
to  0*76  M.  (Guy-Lussao);  at  ^TS"  to  1^,  at  160"  to  T'T,  anil  at  )71'  to 
8'05  fttmospliorca.  (Davy  &  Fftnulay,)— On  tlie  tenBiou  uJ"  the  vapours 
of  Crater,  alrohul,  aad  ctUer,  ctmp.  Daltua  {Ann.  Fhii.  LI,  130)  apd 
August,  {Pogg.  13,  122.) 

[CulculiLtion  of  the  tensiion  of  aqueoUs  Tftpoui-  A,t  tlifl'^reiit  tanipetaturSB 
hy  F.  Von  Wrede.  {Pogg,  53,  2*25.)] 

II  Magnus  {P(yg.  61,  22,!i)  and  Rpgnault  {N.  Ann,  Chim.  Phys.  11, 
334;  13,  19U)  Imvo  also  detenuined  tlie  teosion  of  tbo  ynptnir  nf  water  at 
diiTercnt  tomperatureH.  TLe  rejiull*  obtaiucd  by  tlitse  phlloso|>bera.  whose 
ex]H'rimcDtfl  were  ntade  indepetidcutly  of  eatdi  oilier,  present  the  moat 
reniarkublc  agTcciuent,  ne  will  be  seeu  from  tho  following  tuble. 
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«e  meuoremeota,  u  br  at  Icae.!  a£  tvmpentures  witliib  fiAcvi* 
degrees  pf  100° C.  are  coDCcmod,  hiti-Q  ilao  been  coitfireMJiiil 
Uk&blf  mx.nD>er  bv  (l«it«mi)iutti<»as  of  tbe  boilioe-poim  of  wMtf  M  0 
kl  beij^hts  un  iliG  Pjreaiee^  and  on  Mont  Blano.  (  VH  F%§§.  n 
Mo,  365,  36&;  liUo  ^nw.  CA»«,  /'-ianw.  56,  1*2.)  T  ' 
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The  progresalou  of  the  tensiDti  is  not  afibcted  by  the  freozing'poiat,  at 
Jewst  in  tho  ca«e  of  water  and  liytlrocyanic  acid;  at  0'^  ice  and  wuter  lidvo 
llio  sxme  t^D^iuD ;  it  is  not,  thereFore,  afTec-tcd  hj  IhQ  greater  cot&sioiii  of 
ice.  (Oay-LuBsac,  Ami.  Chim.  Phys,  70,  419.) 

Volta's  (jSVAic.  52,  98)  and  Daltnn's  law,  acconiing  to  wliich  tlie 
vapours  of  did'ereot  Bubstancea  hare  the  6a.me  tension  nt  an  eqiin.)  number 
of  ihennonictHc  degrets  nhovo  or  below  their  bdilin^-points,  is  regarded  aa 
incorrect  by  SchmidE,  Mayor,  DespretB,  lire,  and  Jithers,  according  to  tho 
results  of  their  owa  eiirerimctitfi:  it  is  nevertheless  Muiarkfiblo  tliat  thia 
law  ia  ])retty  nearly  true  in  the  case  of  many  substances.  From  Uie  boil- 
ing-polut  of  siilpharous  aciil,  e.^g.  to  the  tempemtnre  at  which  its  teneioa 
J.S  equal  to  2  atmospheres,  there  ie,  accordfiig-  to  tlie  preceding  tabic,  ao 
interval  of  17"  C;  in  tho  ease  of  water,  the  corresponding  iatorval  la 
about  20";  of  alcohol  18^  and  of  ether  20^;  but  in  tbo  caae  of  rock-oil 
and  Qil  of  turpentine,  which  arc  liquids  of  leas  simple  constitutioiir  it  k 
about  30".  Davy  also  {Aii/i.  C/iim.  Phyt.  20,  175}  jmta  forward  a  view 
founded  on  his  exporiidcnts  with  enlphiiret  gf  curbon,  chloride  of  phos- 
phorus, and  alcohol,  favourable  to  Dalton's  law. — Dove's  {-Po^Jff-  23,  291) 
comparison  of  the  tensions  of  permanent  gases,  n^cordifig  to  Faraday, 
with  that  of  Vapour  of  water  according  to  Arago  and  Dulong,  likewise 
I  in  favour  of  this  law, 
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Sulphnrons  acid!  is  atso  nearly  in  accordaucu  with  the  law,  but  sulphii' 
retted  hydrogen  ia  not;  respecting  thia  last  gas,  howevar,  it  must  bo  wb^ 
served  that  the  dctenninationa  of  itf<  tension  by  Davy  &  Faraday  and 
by  Niemann  differ  considerably.  Aceordiug  to  tuis  law,  the  builing-poiut 
of  nitrous  oxide  should  be  —  I5S",  of  carbonic  acid  —  146',  of  hydro- 
chloric acid  —  1 30%  and  of  ammonia  —  53°  (Dove)j  according  to  Duneou, 
however,  tho  boiling-  poitit  of  ammonia  ia  33'7"'r 

If  a  eubstanco  B  bo  encloawl  in  a  space  already  filled  with  the  vapour 
of  another  auhatunee  A,  which  amy  he  atmospheric  air  or  any  other  yas, — 
no  portion  of  A  being  present  in  the  n on -gaseous  fonn,  B  being  in  iuime- 
diale  contact  with  A,  and  the  two  eubstancea  not  being  capable,  under  the 
""Ten  ci  re  urn  stances,  of  entering  into  chemical  combination  with  one  ano- 
ther,— then,  whether  the  eliwtieity  of  the  gas  produced  by  B  be  greater  or 
leas  than  that  of  the  gas  A,  B  will  jirodiioe  exactly  the  same  quantity  of 
gaa  as  if  it  were  situated  in  a  vticuiim  at  Ihe  same  temperature,' — with 
this  dillerencH,  however,  that  in  the  tirat  case  the  converaioti  of  B  into  jE^aa 
takea  almost  quickly  it9  if  it  wero  in  vacuo;  in  tho  second  very 
slowly  and  only  on  tho  surface,  wlicro  the  £as  A  ia  in  c<jnt3La\.'w''i.\ii.>0a.<i 


9Gfl 


HEAT, 


substanco  B.  The  effect  tnkes  place  more  or  lesa  qaiokly  in  propftrtioo  t^. 
the  rarity  or  denaity  of  the  gas  A..  (Volta,  StJ'UK  52,  99,  D&lU>n,)  jfl 

Ice  eTup&rates  in  iLo  upcn  air  g-t  teinperrtturcs  mucli  below  0': 
cUloriiles  of  jiottissiuin,  ^otlium  nnd  anttmoDy  do  nut  evapOtsM  at  fk  nA 
bent  in  a  cohered  crucible;  Lul  th^  aruciblo  is  dpcneo,  a.t)d  a  comnt 

of  a-ir  thereby  ftrocluceil,  Taporimtion  takes  ploce.  Ziuc  volfttiliZM  10 
carbonic  oxiJc  gas  (wbpit  nxiie  at  sstttc  is  i^irnited  ia  contact  with  obftr- 
C4ftl^  itt  &  lowi^r  tempertLture  tbau  whou  beated  alone.  ludine,  irb<Mt 
boiling  point  ia  175°,  paeeCa  over  witli  vapour  of  *atet  at  100",  (Oa^ 
Luseao.)  Simikrly,  water  mixe<l  wttli  alcohol  ovApot&t&s  wben  hootM, 
togotbev  with  tlie  alci>liol  vapour.  Wbeii  Lbe  a^jueous  solutions  of  Jif* 
forcnt  saha  arc  &Tnporated,  part  of  the  salt  le  likewia©  given  off:  t1ii« 
inny  however  be  cxjdainetl  by  aupposing  tbe  ^alt  to  bo  mecliimicallT  tar- 
ricd  over:  at  atl  ovciitfl  Faraday  {J.  qf  Hoif.  Jutt.  1.  TO;  also  Po^'j.  IS. 

found  that  tho  water  ovnpuratud  at  ordjuury  tempemtur<>B  fnta 
sidiDe  solutions  is  free  from  salt.  Tlie  vneos  of  rt^ctproral  aiiinity  £rwa 
tljo  niutiml  ndhesi™  of  gasea  likowiBO  belong  to  iLie  bead.  (pp.  125, 184.} 
' — The  uioro  diffusiblo  tbe  gas,  the  more  quickly  do  bodies  evspomta  in  it; 
the  «tl'oct  takes  pkce  nioro  quickly  therefore  in  hydrofc^en  gaa. 

It  way  bt)  supposed  (Ufit  when  the  elasticity  of  the  gas  A  ia  grettn 
than  that  of  the  gas  which  would  be  produced  from  B  at  tbo  giren  icm- 
peralure,  oo  part  of  B  can  be  converted  into  gas,  becaoee  the  ga*  alrwlj 
presout  most  by  it^  elasticity  compress  the  atibstance  B  Bofficienliy 
prevent  tbfi  vaporization.    The  fornmtion  of  ga»  is  likeivi^o  prevcul 
wben  the  ^ubatanc^^  B  is  separated  frcmi  tho  gas  A  by  a  inovcab]*-  eliwl 
mutter,  a  bladder  fur  exnmple.    The       A  must  alw'ays  be  in  imoicdi 
roBtiict  with  the  substance  B,  and  the  forniation  of  jjns  taVes  plat'^  u: 
at  the  points  of  contaet.    This  pbcnoineDon  is  explained  bv  BertLol 
(<?fa(fjue  C'/iim.  1,  280)  on  the  hypotheBis  of  a  cAemical  solutirm  of 
gaa  B  in  the  gas  A, — with  reapect  to  wbteh  it  mast  be  partioulaTl; 
observed  that  ncitber  tbo  deuaity  nor  Iho  cbeiiiipal  nature,  but  onlv  llir 
Toinme  of  the  gas  A  ha»  auv  inlliiouce  oo  tbo  quantity  of  tbo  3 
produced.    Daiton,  on  the  otuer  band,  explains  it  by  euppoHing — i-Ltber 
that  one  pts  acts  as  a  vacunm  to  the  other,  or  that  tbe  unequal  qw^ 
uitudos  of  the  globules  of  the  two  gases  give  riss  to  an  iiitemni  motion 
and  uniforni  distribution  of  (hoir  particles.    The  pheDomeoon  ia  pertitip 
l>eat  osplaiuud  hy  qupposing  that  the  adhciion  of  the  fixlsung  gif 
A  for  the  gaa  B,  which  is  to  bo  produced,  is  in  all  <!1LW9  tnoro  ponml 
thaU  the  pre.i^uro  wbich  A,  whatever  may  be  Its  density,  oxorts  Dpon  U> 
substance  H,  iua^mimb  &e  the  adheeion  mcrcaees  witli  the  densitT,— «ad 
eonfloquontly,  that  the  body  B  difuses  itself  with  its  proper  olutivitj 
tliroD^li  any  other  gas  in  the  same  ouantilT  a^  in  vacuo.  {Companff^ 
22,  211.  J 

When  a  gaa  li  is  gicDerated  within  an  unyielding  envolopo  tbe  intones 
of  which  is  alreaiiy  occupied  by  onoth  er  pRS  Aj  botili  ^ac-cd  to^vtber  prvS 
sgaiufit  tlie  sideu,  each  irith  its  own  proper  tension.  If  for  oxwnple  ik/t 
tension  of  the  gas  A  =  le  and  tlint  of  the  gas  B  =  j/,  tho  tdodvn  m 
ebutfeity  of  tho  gaaeoufl  uiixturo  =:  x  +  i/> 

If,  on  tbe  contrary,  the  ^ides  of  (ho  vessel  in  whiefa  tlie  fi^atow 
tiire  is  gi^nerated  yield  to  sach  an  extent  that  the  gas  remairis  moBbui 
nniW  tbe  pro^Duro  x,  the  mixeil  gasea  finst  exjmnd  (ttince  iuvonltii< 
M«ri«ttc'»  taw  tbo  elasticity  of  n  jjua  vartee  mverwelv  an  ibt  toIbi 
tlio  ratio  of  f  :  X  -^^  y.  But  by  this  tixpiinsion  of  t&e  gipco  A  UhI 
0  vlftsttdty  t?i  the  gftwoiu  mixture  is  diiaiulJibed  in  sueli  prapoftloo  d 
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it  is  tedttcod  to  x:  the  elBstioity  of  tlio  gas  A  tlieroforo  liec-omos  («  +  y 
'  '  =  *  ■  =  "^"J  t^^'t  ^'f      gas  B      +  y  :    =  y  : 

—         y    Witli  tliis  the  further  eipaneion  oflfLS{<s,  supposing  that  no 

portian  of  ib«  BubslaBco  B  remains  unraporized.  If  however  this  lifl  iho 
Gsae,  then — since  tbo  epaco  ht^s  boconie  Inrger-^a  fresli  c^unnlity  of  B  jg 
conrertpd  into  gas,  ami  tlie  gas  B  rogahia  Ibe  elaeticify  =  y;  nnJ  airco 
by  tliis  actiou  tho  olaetieity  of  the  gaa  and  therefore  also  its  eipansiun 
incr>ea«c»<^  the  formation  of  gas  find  the  expansion  of  th«  paeenu-s  lufjtturo 
go  on  t'ilI-*-its  Dalton  hna  shown — the  vulimiK}  of  the  goaeouB  mixturp  is  to 
the  oi-ijjinal  toIoiQo  of  the  (jas  A  as  x  :  x  — For  smtx  in  tliia  ^^eous 
mixtare,  nfter  its  completo  eitpanaion  uTnAer  Qt&  pFfiesuro  ff,  the  ga»  B 
lias  an  elasticity  —  p,  tliat  of  the  gas  A  must  be  only  a*  —  in  ord*f 
that  the  elasticity  of  the  gnaeous  miituro  may  exactly  bnlanoe  the  eitsmal 
presaiire 

Esamplcs  in  which  the  preceding  table  of  the  elasticity  of  gneea  la 
made  uae  of: — IF  at  a  temiierature  nf  Sf*^  C.  nml  under  n  pressure  corres- 
ponding to  33S  Par.  lines,  water  he  introduced  in  oxceaa  into  a  reesel 
containing-  one  measure  of  dry  atiiiospherie  eneloaed  by  mercury,  then — ■ 
flupposlng  that  the  mercury  stands  at  the  rnnie  level  within  ami  witltont  the 
reKel,  ami  tliat  the  atmospheric  pressure  remains  constant, — one  mcBaure 
of  air  will,  by  tiking  up  vapour  of  water  (since  the  tension  of  VTLpoiir 
of  water  at  25°  C.  or  20'  K.  is  equal  to  1 0  08  lints),  bo  eipamleil  to  tlia 
ratio  of  396  —  J0'08  :  330  =  325'32  ;  336-  When  alcohol  ovuporatfla 
in  dry  air  at  0°  C.  and  under  a.  preaaiirg  of  30  English  inclies,  the  volume 
ti  iiicrcafied  in  tho  ratio  of  30  —  0--t  :  30  =  29  6  :  30;  and  in  the  oa«o  of 
ether  at  0°  C.  the  exiianaion     aa  30  —  6-2  ;  30  =  23  8  :  30. 


6.   37k  a^Atty  of  Utalfor  tfm  PonderahU  S>ibitane>e  mu*(  he  superior  to 
all  otiur  forces  acting  upon  tke  satrus, 

a,     Tuthe  Cohetion  of  tht  PonderahU  Suhttanee, 

Sinm  a  body  introduced  into  n  ejiace  devoid  of  air  fiUa  that  space  with 
a  quantity  of  ^aif  correfl[Hjnding  to  the  temperature — since  this  quautityt 
thou^jb  it  decreases  with  the  tcmpeniturp,  eannut  be  reiluced  to  nothing 
excepting  at  tho  absolute  zero — sinee  nil  l^ubGta^ces,  nt  k'ast  at  high  tem- 
peratures, are  visibly  converted  into  ga«,  and  muat  therefore  atl'oril  some, 
nlthoiieh  perhaps  but  a  small  quantity  at  low  temperature!— tinaUyt 
einco  this  formation  of  gffl(  takes  plnco  in  a  space  filled  witli  »ir  in  the 
ffime  quauLity  aa  in  vacuo,  only  with  tea*  rapidity,— it  may  be  coiirltidt'd 
that  of  every  substaoeo  ^itnated  on  tb*  anrface  of  the  earth,  a  certaiD, 
tboUffh  perliMpe  fixtremely  SMail  ]ioi-tj«n  mn^t  be  oonvetled  into  gas. 
That  no  diminution  of  weight  can  however  be  observed  in  picrOs  of  metal, 
&c.  GVen  after  many  years,  may  resalt  either  from  this  oireumetance,  that 
at  a  certain  temperature  cowBifierably  below  the  buiiing  point,  the  cwbe- 
aion  and  gravitation  of  the  ponHemole  eubstfinee  may  overcome  its  affi- 
nity for  heat — which  indeed  is  Faraday's  view  {Ann.  PhiL  28j  436;  aiw 
Pitf);!-  !'*,  1);  or  possibly  from  this,— that  when  once  the  sovoral  lio'lir.*  on 
the  earth's  surface  have  introduced  into  the  atmosphere  certain  portions 
of  their  gaaca  or  vapours  corresponding  to  the  exiating  temperature, 
these  gases  may  enert  a  presBure  on  the  remaining  tust^r  eu^oiont  to 
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jtrevent  ita  further  vaporiiation — tlte  fluctuntiO'Ds  oi  temperatare  «n  (le 
surface  &f  otir  earth  being  p^rlmpe  too  giimll,  in  comparison  wiiii  (be 
wide  interval  between  thu  ordinory  tempera  turps  of  sgjid  bodies  »ai 
their  boiling  points^  to  caiue  any  ^ensililc  conden^tion  of  tlie^e 
when  lite  atmosphere  cuola,  or  to  give  rise  to  freeh  formations  of  the  sune 
gnse«  when  a  rise  of  temperature  Iftlie^  plate, — unless  perlupe  tnliBjr 
meteork  phcuomena  may  he  duo  to  eome  such  cause.  ^ 
Ice  evaporatea  in  vacuo  at  tcnipcmturps  below  sulpLnric  ptiM 

at  — 51*",  at  which  teiuperfiturc  it  is  solid  (Cosfigliacehi),  anlplmret  of  csjt 
hob  at  — G2.  (Marcet.)  The  Torricellian  vacuum  js  in  reality  fillrd  wirli 
vapour  of  mercury.  In  llie  open  air  ice  evaporatee  far  Wtow  0",  nuT' 
oury  at  +  IS'S",  but  not  at  — 67*  (Faraday);  nil  of  vitriol  does  nut 
evaporate  at  ordlinary  tpmperaturcs.  (Bellaini,  Poffij.  9,  7.) — By  enclonng 
two  nuhBiances  in  a  fliisk  filled  with  nir,  kcqting  theiu  Eeparatc  from  ODO 
another,  the  oii«  in  the  solid  font],  the  other  in  the  stute  of  aqueous  foio- 
tion,  ami  exposing  the  flask  fur  four  years  to  tlio  ordinary  teiiiperature  of 
the  atr,  the  following  rosulte  are  ohtained:  Cryt^tallizea  oxalic  acid  and 
crystallized  oxalate  of  HMimotiia  evnporatu  over  iti  snmll  qiiantities  t«wanli 
a(}aeoi>6  solution  of  ehlorido  of  calcium;  ai&o  protocliloride  of  mertVTf 
towards  aqupoiis  solution  of  chloride  of  iCjitciuni;  a.lso  protochloride  of  mer- 
ctiry  towards-  aqoeoun  solution  of  potash,  and  nitrale  of  ainmupia  in  miotitfl 
quantity  to  dilute  sulphuric  acid.  The  following  on  the  eontrrary  do  not 
Tolktilizj^:  eal-aniitiotiiiic  or  coiornon  salt  towards  diluto  eulpbnric  aci'I; 
acsenioua  acid  or  calomel  to  caustic  potaBh;  aqueous  soliittoii  of  iodide  uf 
potUBiam  to  chloride  of  lead;  common  ealt  dissolved  in  water  to  «v»- 
tallized  DiCrate  of  Hilver;  sulphate  of  soda  disBolved  in  vrater  to  crp- 
tallized  ]iydmt«d  chloride  of  barium;  a<|ueoi]8  solution  of  chloridfl  el 
calcium  to  akrhonate  of  eodn;  and  aqneouti  eolutiou  of  sulphate  of  cop 
or  perfiulphcite  of  iron  to  liydmted  ferroeyaiiide  of  potas&iuni.  In  most 
theee  c^sea.  ivaler  evaporates  over  to  tbo  eolid  body  and  diBsolTcs  it; 
the  eolation  does  not  mix  with  that  of  the  Bait  previously  diaaotvod 
water.   (Fanwla-y,  J,  of  Hoy,  Inat.  1,  70;  also  Fogg.  19,  545.) 

B.    To  the  Acuity  »/ the  volatile  Suhsta-n'Ce  for  any  oihtr  let*  volatUt 

with  tpkich  it  may  be  coinhxnfil. 

Substances  which  front  their  own  nature  have  a  strong  tendency  (a 
assume  the  gaeoous  fomj,  so  tliat  when  separated  from  other  bodies,  thef 
exist  for  the  moat  part  only  in  the  Estate  of  ga^, — often,  when  combiatJ 
with  other  bodies,  either  become  wholly  iuciipable  of  passing  into  ih* 

Sseous  condition,  or  undergo  that  change  only  at  high  teiiijKTatom, 
causo  the  atBiiity  of  the  other  liudy  ncie  in  oppositiou  to  that  of  hcmL 
Oxygen  in  red  Oxide  of  tucrcury,  peroxide  of  manganese,  and  other 
metallic  oxidcH  rpquires  a  red  heat  to  convert  it  iutogoN:  so  alsO'  d<« 
Catbouic  acid  when  combined  with  lime  and  other  oxides  of  tnetak 
Most  metallic  oxides  do  not  part  with  their  oxyg™  even  at  the  highcft 
temperatures,  but  are  partly  converted  into  vapour  before  reduction  aoJ 
Aoiiitenae  n^'uin  to  the  state  of  nolid  oxide  in  the  cold. 

Water,  whieb  when  pare,  holla  at  100"  exhibits  amuch  hif^lier  boiti^ 
point  wliQT)  couibtncd  with  salts,  sulphuric  acid,  phosphoric  acid  and  otbct 
ICHa  volatile  suhijlauce^. 

The  following  table  gives  the  Ijoiling  points  of  variolic*  n<]neoiM  Mla> 
"  '•QA  according  to  Faraday  {Ann.  Chim,  Phyx.  20,  321)  and  firifGthi  Wt. 
}fSe.  IS,  90;  also  Fogg.  2.  227). — Column  A  contaias  tlic  nunM  01  tfai 
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saltd;  B  tlie  quantity  of  dry  BaU  in  100  parts  of  ttie  eolation  (an  x  de- 
notes that  the  quantity  liaa"  not  Wii  determined);  C  .shows  tlie  byiltng 
Jtoiut  of  tlio  aolutiun;  D  tEie  name  of  ths  observer  (P  =  Fu.raday,  Q  = 
Griltitbs). 


A 

Glauber'e  salt  .... 
Corroiive  sulilimpCe 

Cr7s[.  verdigris.. .. 
Creajii  of  tartar. .  -  ■ 
Nitrate  tii"  bai-yta  . . 
Sul^iJirttB  of  potash 
AceJjtcc  nf  Uai. , . . , 
Nitrotc  of  IchJ  .... 

Green  ^icriijl  

BtuR  riCriol   

SulpliQte  of  cuji^er 

Boracic  acid  .... 
Chlorate  <>l  pOtasfa 
Feirocjiu).  [jolassium 
Oxalate  of  unmonia 
Csrbitruite  of  aodii . . 
Ctiioridc  of  barium 

Alviri  

Sia][iluil:«  of  lint. . 
Oxaiate  of  pittnsh  . . 
Fhasphile  <jl'  liodB .. , 


B 

C 

D 

3ra 

G 

X 

1(11-1 

G 

.15 

lOM 

G 

ini'a 

loi-i 

G 

■J '5 

101-1 

G 

26-5 

101  1 

G 

i?-a 

10]-? 

G 

101-7 

G 

52A 

102-3 

G 

S4 

Wli 

G 

45 

102-3 

G 

ia2'B 

G 

103'3 

G 

103  3 

G 

55 

103-3 

G 

1IJ3-3 

G 

X 

tU4-4 

G 

104  4 

G 

52 

tU4-4 

G 

4.i 

101 -4 

G 

40 

101-4 

G 

s 

105 -fi 

G 

Borax  

Diiuljibate  of  potash . . 
SulphatQ  of  mcgaceU 
(Jc-miiidli  Salt. 


Nitrute  of  itroutw, . , , 
Ntutral    tarlTute  o( 
potuab 


OtoIIc  Bciii   

Sulphute  of  nL-kel . 
l^l-ainiiiODiuc  ... 


Nitrate  of  potash 


Rnchelle  salt  

Niirait;  of  Aoda  

Aretate  of  aoda 
Cnrl).  IWtMb   .  -  -  -  Mt. 

fotaih  Est. 

Nitrat.  atnmOnia.  >  itA: 
Soda   OBt. 


52-5 

X 

5;5 

30 
sat. 
63 

BBt. 

sat 

65 
50 

BSC. 

71 

RSt. 

90 
60 
60 

s- 


loa-e 

305-6 
10&-6 
106-7 
109-0 
106-7 
112-2 

116-7 
1122 
112-6 
1113 
U4-4 
U4-4 
115-6 
115-6 
119-0 
124-4 
140-0 

182*2 
215-5 


lit)ilin(;  points  of  aqutom  soluiiotts  according  to  Li'^rand  {Ann.  Ckim^ 
Ph^s.  59,  423;  aXm  J.  fr.  Ckim.  6,  56.) — The  following  tiiblo  glvea  the 
number  uf  parts  of  eadi  triilt  dit<Bolvcd  in  lOO  jmtts  of  water:  in  llie  first 
columu  OD  the  left  ia  given  tlic  boiliag  point  correb{>ondjDg  to  tliis  propurtion. 
r»itni.te  yf  ammonia  ■employed  in  Uie  cryetalliied  state,  and  cominon 
pliusphate  of  soda  in  as  dry  a.  state  uspoEsibla  ^but  nut  ignited);  tbe  oLber 
ealta  iu  tlie  perfectly  anliydrous  condition;  a  is  cliloride  of  caloiuni,  b  aeetate 
of  potosli,  c  nitrate  of  uiiiiuonia,  d  nitrate  of  lime,  e  ttinipl^  carbonate  of 
potash,  /  acetate  of  eodit,  3  nitrate  of  sodii,  h  chloride  of  etruntium,  % 
nitrate  of  potash,  i  eal-aminoniac,  /  neutral  tartrate  of  potash,  m  ctilu- 
l-ato  of  pulasb,  71  coimiioQ  aalt,  o  clilnridc  of  potiisr^itini,  p  ordinary  plios- 
pljntG  of  soda,  tj  Bimplo  carbonate  of  aoda,  r  chloride  of  iMirinm.  The 
nuinber  under  a  borizontal  stroke  gives  tbe  boiling-  point  of  the  aatnrated 
Botution.  Tliit!  table  Ikls  a  practical  value:  for  by  meane  of  it,  the  ijuan- 
tity  of  ^t  in  any  soltition  may  be  found  from  ita  boiling  point. 


Boiling 
Paint. 

4 

b 

C 

d 

t 

/ 

9 

A 

i 

101'' 

10-0 

10.5 

lO-o 

15-0 

13-0 

g-9 

9-3 

16-7 

12'2 

lO'J 

Iti-a 

20  0 

20'& 

2a'3 

u-s 

18-J 

26  4 

103 

21-6 

28'G 

31'3 

34  4 

31-0 

24- 1 

28-2 

321 

42'2 

104 

25-S 

3G-4 

42-4 

42'fi 

:ia-a 

30-5 

37-9 

37-9 

59 

105 

29-4 

43-4 

53-8 

50-4 

4(i-T 

36-7 

4J-7 

43-4 

78-3 

32-6 

49-8 

1)5-4 

5;-B 

53-1 

Ai'^ 

4B'9 

98-2 

10; 

35-6 

55-8 

77-3 

fil-9 

5II-6 

4a  3 

67-7 

54-0 

ua-« 

108 

3S'5 

ci-e 

09  4 

Tl-S 

65-g 

&5-a 

7T-9 

59-0 

UU-G 

ill'3 

ti7-4 

101 -9 

7S-B 

7t'9 

fi2'4 

ea-3 
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VAPORIZATION- 


Til  n  similar  manner,  tlio  boiling:  point  of  alcoliol  ta  raised  hj  iniTin^ 
it  with  water,  and  that  of  C'tbor  liy  inisiiig  it  with  (ilc&bol.  (6W;i,  Mag^- 
nue,  P<i'Jft-  3S,  4S7.) — In  lilio  roaiincrv  iierniaiienfc  gaeea  rombinfid  witli 
iraler  and  otiior  lii^uids  rctjuiro  au  elevation  tetnperaturc  or  diminution  of 
preemro  make  them  CBca,p«,  lo  this  nciiim  an  anomaly  is  ohservod  pro- 
ceeding from  n  kind  of  ^luggii^hiieGa  {like  lhat  described  pp.  9 — 12),  viz,, 
thnt  the  gawa  do  not  ewiipe  »t  once  in  the  ijunutitica  which  might  be  ox- 
pocted  under  the  given  ciroumetarnjce,  but  that  thoir  ewape  ie  favoured 
hy  agitation  ov  by  the  iinracrsioii  «f  solid  bodies,  particularly  of  such  as 
have  sliarp  angles^  g.,  glaag  r&ds,  wires,  metallic  filings,  silver  leaf, 
tend,  eugar-ilust.  The  formation  of  ^^-bubbles  appears  ulway^  to  pro- 
ceed from  the  solid  bodiea  and  from  the  Bide§  of  tba  vesset,  and  never 
from  the  mterioi'  of  the  li(|uid,  ofi  if  tlio  coDtact  of  a  aolid  body  wcrO  pssoQ- 
tial  to  the  formation  of  gas.  Many  solid  bodies  may  however  act  by 
Tnean»  of  air  adhering  to  them,  which  is  either  iteelf  abaorbed  by  the 
liquid  and  drives  o^ut  the  other  gas,  or  else  Buppbea  the  firat  bubbles,  which 
then  increase  in  volume  by  attracting  the  other  gae.  {Compare  Oeratedt, 
N,  Geht.  \,  227;  Lieblg,  Ann.  Pharm.  30,  13;  Schlinbtiin,  Poyg.  40, 

Evaporation,  Drying,  or  Desiceatwa,  and  in  many  uoaes  Calcination, 
Coasting,  or  Tarrffaciioii  are  oporationa  tho  object  of  wuich  is,  for  tlie  most 
part,  the  eejiamtion  of  a  more  volatile  (in  the  case  of  evaporation  nnd 
drying  it  ia  n  Litpkid)  from  11.  less  volatilo  fliilietiiiico.  That  these  opera- 
tions pruecod  most  cjuickly  ia  vacuo  will  be  undoratoo'd  froiu  that  wUiich 
jmmodiately  fullowa. 

B.  Phmomma  accmpanying  Vaporisation. 

a.  Time  ia  which  it  takes  plact. 

The  rapidity  of  vaporization  iis  greater,  the  strotig'er  (ho  affinity  of  tLo 
ponderable  body  for  iR^at,  the  higher  the  temperature,  und  the  lee^  the 
resistance  which  tho  surrounding  eavolope  offera  to  tho  expansion  of  the 

In  a  vacuum  vaporization  takea  place  almost  instatilaneOLialy,  whatever 
may  bo  tho  nature  of  the  substance:  water  boila  in  vacuo  at  20";  in  so  far 
however  ita  heat  is  aect'Ksary  to  the  production  of  vapour,  the  vaporisation  of 
the  body  may  he  retarded  ad  its  temperature  gets  lower.  In  a  apace  filled 
■witli  air  or  any  other  gas,  vaporization  cannot  take  p]a«o  ItiHtanlancousty, 
nnleaa  the  aubstancc  ia  capable  of  producing  vapour  of  great  elneticity  at 
the  given  tempemturo,  and  ^lufficicnt  heat  ia  present  for  tlio  production  of 
that  vapour,  |j<piid  carbonic  acid  vaporiz;e:a  almuttt  tUntantly  in  the  air, 
to  within  about  |  of  tho  whole,  which  Boliditius  (ao  that  acco^rding  to 
Thilorier,  1  gramme  of  this  licjuid  producea  on  opcuiag  the  vessel  an  01- 
plosiuu  an  violent  as  thnt  of  \  graniitie  of  gunpowler);  but  B\G  grains  of 
solid  carbonic  acid  e:spo6ed  to  tlie  air  at  +  25^  Io«!D  only  3  or  4  grains 
per  minute,  itnd  do  not  wholly  dieapiwar  in  less  tlian  3^  hours  (still  more 
elowly  when  wrflp|)cd  up  in  cotton.)  (Mitchell  ) — Tlic  li(|uidacid  alrcoity 
imtpod  contains  a  largo  portion  of  tho  beat  of  fluidity  rcnuireJ  for  ita  con- 
voruion  into  vapour,  and  luoroovor  contains  a  larger  ipimitlty  of  «cnsibte 
lioat,  iniwniuch  ae  it  takes  the  teuiporatura  of  t]i«  ve*-eU  in  which  it  i« 
endorsed, — the  solid  acid  on  tho  coutniry  must  Ijito  all  bout  from  tlio 
Burrouoding  bodies.  All  ex)ilo3-io<nij,  detonations,  and  fnlniinations  ariso 
itQja  a  isaddeu  formation  of  ga»  brouglit  about  by  great  alUoity  for  heat 
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and  n.  liigb  temperature,  the  pesistanco  of  Uie  surronotllng  envelope  Win* 
completely  overpctwereJ.  Siu.ce  nitrogen,  wlieu  it  separati-s  from  its 
eoiuTjiiiatioTia  and  asgumcs  ihe  jj'aseous  stntc,  produces  tlie  moat  fearful  ex- 
|i)osiciii9,  even  wliea  no  great  rise  of  temperature  takos  place  (f.  g.,  in  the 
dtJCDiup&Hitioii  of  cliloricSo  of  nitrogen)  a  peculiarly  ^cat  affinity  for  best 
must  bu  scribed  to  it. 

If  on  tlie  other  band  tlie  tcnsioQ  of  the  naficent  vapour  la  lea.!!  than 
pressure  of  ttie  external  air,  so  that  the  vaporiiatfon  can  only  proceed  by 
iRcan»  of  the  (idhesion  of  the  existing  gas  to  that  which  is  in  course  of 
fcii-mation,  then — isinco  the  portion  of  air  which  ia  in  contact  with  the  va- 
poriziug  body  can  only  be  charged  with  the  nas&ant  vapour  in  tbo  eauie 
proportion  as  n  vacuum — tlic  rate  of  ovaporation  will  be  detcroiincd  by 
the  rapidity  with  whidi  tho  iMirtielew  of  the  oxislii);:  gas  are  renewed  dd 
the  eurface  of  the  vajierizing  body,  iind  will  tliercforo  ha  very  slow  in  n 
state  of  real,  hut  ijuicLer  in  proportion  to  the  facility  with  which  th« 
existing  gas  is  renewed. 

h,  SiitxvUmt  in  itihiih  the /orjoaiion  of  Qas  or  Vapour  takta  place. 

The  vnporization  of  a  body  takes  plate  in  that  partionliir  part  In 
which  the  comlitions  of  va^>Qrizatiyn  are  complctety  fulGlliKt. 

If  a  body  is  very  rplatile  and  contains  a  quantity  of  heat  sufficient  to 
coavert  it  into  gua,  it  instantly  assumes  the  gasotms  form  throitghuul  \\m 
wIioIh  maa»,  as  suon  as  the  ext.erttal  pressure  allows  of  sucb  a  chan^^^. 
Liuuid  cftrbot^ic  acid,  sulpliurotted  hydnigcn,  and  chtorini?  are  insta.ntan«^ 
ouely  converted  into  gaa  with  a  kind  of  exploaionj  or  soon  aa  the  vcaaela 
containing  thciii  arc  opened. 

When  a  leea  volatile  body  \a  heiited  from  without  to  increase  ita  ten- 
denry  tu  aasiime  the  gaseous  form,  the  fomiatioii  of  vapour  takes  place 
principally  at  that  part  where  the  heat  eatorE;  and  wiieii  llio  beating 
takes  pla<^e,  not  from  above  but  from  tEio  hoLtoin  imd  fidet',  and  the  healed 
body  is  liquid,  the  vapour  as  it  is  produced  rifles  in  bubbles  through  tbe 
liquid  and  [irnduce.^  th«  pbcnomencni  of  BoiUn^  or  Ehnllkiou.  Thesfl 
Ifuul'les  of  vapour  Imve  the  p('crHlinr  property  of  being  almost  alivays 
evolvoJ  from  tbo  ^nrfacei^  of  tiulid  bodies,  either  tbe  sides  of  the  v^ituels 
or  bodies  floating  in  the  liquid: — tliC  edges  and  angles  of  such  bodies  pr^ 
HCtit  |>cciiliaT  facilities  for  tlie  evolution  of  gas. 

When  vapnri Uktion  takes  pJncc  only  from  the  surfivce  of  a  bndy, 
either  because  tbo  boat  has  access  to  that  pari,  or  because  the  evolution  of 
gas  takes  place  thriiu;^h  the  Tticdium  of  a  already  present^  tbe  action 
can  only  1*  recognized  by  tbo  diminution  m  bulk  of  tbe  body;  it  \a  tlien 
called  Evaporation. 

<.    A  bioi'ptioii  of  Heat. 

As  in  liquebction,  »o  likewie^c  in  the  formation  of  gns  or  raponr,  the 
heat  which  outers  into  romhination  with  pondcmblo  bodies  pa&ies  Into  a 
elate  in  whieb  it  ia  inacusiblo  to  the  feelings  nud  to  tbe  tbennometcr. 
Any  given  substance  almrba  the  same  quantity  of  heat  to  fonn  fan  or 
Tapour  of  a  giveu  density,  whetlier  the  vaptirtiation  taken  place  4|u:ickly 
iu  vacuo  or  inoro  idowty  in  a  ?pnce  previously  filled  with  anoih>iT  gas;  ia 
the  Iat1«r  ca«o  however  tbe  rcddction  of  temperature  is  never  so  i^reat  ma 
in  the  former,  hccauiie^be  bent  ban  mnro  time  |i~>  enter  froin  willioul  and 
supply  tliK  plai'i-  of  that  wbicb  bus  become  Intent, — and  iiccondiv,  bccaiw* 
Ibt'  other  gan  already  ptct^eul  jjiiei  up  a  portion  of  its  fre«  heat  to  that 
nhich  ia  being  formed — an  crtect  which  cannot  take  place  iu  vaouo. 
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Solid  carbouic  ncid  produces  in  vacun,  wlieu  the  exlernal  tcinjic>raiurc  la 
SQ",  a  col  J  of  — 933°;  a  pasty  mixture  of  the  same  with  alcohol  reduces  the 
temperature  t*  —  92°^  ancf  with  etW  to  —  9'^.  (Mitcbelt) — Cotton 
nioifitetied  wiLli  Gulpburct  of  carbon  and  wrapped  round  a  thermometer 
lowers  it  iu  vacuo  from  +  16^  to  —  G2^.  (Marcet.)  Liquid  §ulpliLiroua 
acid  produweS  in  TaCuo  a  tcmpenttiire  of  -—60°.  (De  la>  Hive,  Poij^,  Ij, 
52fi.)  20  grainnioa  of  Mercury  pluced  in  a  watch-glass  unrler  t)ic  rpcciver 
of  an  air-pump  in  contact  witb  aa  O'jiial  <|mnitity  of  liquid  sulpliuronpi 
aciii  freeze*  in  five  ininutc3,  (Dussy.)— If  tlie  fornuition  of  gas  in  a  spaco 
devoid  of  air  be  cotitmually  rciiewed  by  tlie  introduction  of  a  aubatance 
■which  will  unite  with  the  vnporizcd  body  and  form  n.  non-gaiseoua  com- 
pound, great  degrees  of  cold  may  be  produced  even  willi  flnbaUncea 
which  are  unt  very  volatile.  WatiT  placed  in  a  eapaule  near  a  haain  of 
oil  of  vitriol  in  a  vacuum  is  soon  converted  into  ice;  well  dried  powder 
of  trap-porphyry  or  oatmeal  will  produce  Ibc  same  effect  as  oil  of  vitriol. 
(Leslie.) — At  a  temperature  of  4- 15^  Cioufigiiacbi  produced,— Ijy  eur- 
rounding  a  theiinometcr  with  cotton  moistened  with  varioua  liquida  and 
introducing  it  into  a  vocu^im  in  which  there  was  also  a  vessel  containing  oil 
of  vitriol,— with  water  a  teuiperature  of  —  41  25',  with  siitidiuric  ether 
—  51%  with  alcohol,  — 37'5''',  with  nitric  ether,  —  31'25'',  aud  with  hydro- 
chloric ctlier,  —  30".  In  the  same  manner,  Graham  {Schw,  55,  ISS)  oh- 
tained  with  water  a  temperature  of  — 14^  and  with  nlcohol  (or  a  mix- 
ture of  3  parts  alcohol  witb  one  part  water,  which  acts  equally  well 
because  tlie  water  renders  latent  a  larger  quantity  of  beat),  a  tempera- 
ture of  —31°.    {Camp.  Dove,  Pog^.  ly,  318.) 

Wollasloh'a  Or^nphwm  {Auu.  Piiii.  2,  2-10;  alao  Gilh.  52,  274)  coti- 
biata  of  two  glass  bnllAS  connected  by  a  tiibe,"Cxhausted  of  air  and  con- 
taining a  little  water,  Tf  all  the  water  he  made  to  pnss  into  one  of  the 
bulhs,  and  tho  empty  bulb  imraeracil  in  a  I'reeziug  niisturo  so  aa  to  Gon- 
ial the  vapour  contained  in  it,,  the  water  in  the  other  bulb  will  he  froKcn 
tQ  consequouce  of  tho  rapid  evaporation  which  eiieuee. — Pcrkiu'a  apparittu.4 
for  coolinj;  water  for  bouseliold  uses  by  Ihe  evaporation  of  clher,  in  sudi 
a  inanne;r  that  the  ether  is  oot  lost,  aots  ou  similar  principles.  [Ann. 
PImnn.  22,  214.) 

Ou  opening'  the  £top-cock  of  nn  iron  vessel  coutainiug  liquid  carbniiiu 
acid  aad  directing  the  aiream  of  vaporizing  acid  by  means  of  a  uwrrow 
tube  into  a  hollow  sphere,  the  latter  quickly  boconuw  Hlled  with  carhotiic 
Acid  solidified  like  flukes  of  enow,  the  tcnijioraturo  failiog  to  —  100°. 
The  stream  directed  on  the  bulb  of  a  spirit-thertnoQieter  cools  it  to  —  1)0°; 
but  it  will  not  freeze  more  than  m  small  ouatitity  of  mercury,  whercna 
the  stream  of  gas  produced  by  a  mixture  of  carbonic  acid  and  ether  eooii 
frecnea  30  gramniea.  (Tliilorier)  When  the  liquid  carbonic  acid  ih  un- 
closed in  a  strong  i^laea  tube  cloaed  with  a  brass  cock  and  tuho,  a  violent 
motion  of  the  liqiuid  is  observed  on  opening  tho  stop-cock,  |  of  the  car- 
bonic acid  rennaLuu  frozen  in  a  douse  but  yet  porous  maas,  and  exhibits  at 
the  moment  of  freezing  a  temperature  of  —  65".  (Mitchell.) 

When  a  body  paeees  to  the  gaaeoua  stalfi  in  a  space  already  filled  with 
another  gas,  and  at  a  temperature  at  which  the  tension  of  the  gas  in  pro- 
cess of  formation  ia  leas  than  that  alreaily  ojiisting,  the  cold  produced  is 
creater—tlio  stronger  the  tendency  of  the  substance  to  assume  the  gatieoiia 
form — the  greater  tbe  ^jimutity  of  heat  required  fot  its  conversion — tho 
greater  Ibc  rarefaction  of  the  extstitig  gas, — tbe  i^niatler  tbe  quantity  of 
tbo  fitber       already  contained  in  it  (if  it  be  already  saturated,  no  farther 

vot..  1.  T 
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Tfl.poriz[iti(}a  and  tiierel'ors  Qo  further  cooling  can  take  plaoe)— Aod  ibc 
it  19  eel  ia  motioci.. 

When  vnporizntioa  takes  plaoo  la  the  open  air  below  t!ie  boiting 
tbe  maximum  of  cooliiije;  ia  produced,  as  eoou  as  the  quantity  of  h«Lt 
dored  latent  by  tlio  process  liecoinee  equal  to  that  -wbich  the  air  giv« 
in  order  to  place  itself  in  equilibrio,  as  regards  preflsute  and  t«niponLtDN| 
with  the  ^8  in  course  of  rormntioii,  +  tlie  quantity  supplied  from  willw 
out  (tljis  however  irsiv  neglpcted  when  the  rliftc-r^nf*  d"'**  not  *x*ei<l 
a,  few  degrees).  Goy-Lussac's  formula,  for  calcwlating  the  lowest  tempe- 
rnturG  attninnhle  in  thisi  ma,uDer  will  ho  found  in  the  Ann,  CAim.  Pkft, 
21,  82. — If  ait*  dried  by  chloride  of  rd.li'iiim  under  ei  prossaro  of  tl  T*' 
metre  be  directed  on  a  thermometer  bulb  Burrotinde'd  vith  baptist,  and  tbi 
bapliet  be  moteteued  with  water,  tbe  following  degrees  of  cold  will  k 
prodneed ; 


Cooling 

Cooling 

of 

■t 

of 

«t 

Of 

5-82' 

16*  C. 

I 

G  09 

ID 

B-g? 

19 

t 

6-37 

11 

9'37 

SO 

M'.y 

8 

fi'6S 

12 

i\ 

6'9« 

13 

1007 

22 

ISSl 

7-37 

14 

S3 

11911 

• 

7'59 

15 

10  82 

21 

UM 

7 

J '92 

IG 

25 

820 

17 

When  the  external  presaure  to  wbieh  the  air  la  subjected  amooBt*!* 
only  O'fi't  metro,  a  cooling  of  10*5^  takee  place  at  IZ  o^^  and  at  0*5  owln 
it  nmountj  to  12"  at  the  same  temperature.  According  tn  the  pTftwdiM 
table,  ilry  ntnioapheric  air  would  can^e  the  froesing  of  water  at  8° ;  W 
Blnce  common  iiir  contains  a  largo  quantity  of  va]>ouF  of  water, 
freezirp  of  water  ueuaily  comnieneoa  at  about  2°:  it  i«  only  on  hi^ 
tnountiiins,  whera  the  air  is  dryer  and  rarer,  that  congelation  tnkM  pbr* 
at  higher  teiitperaturea.  (Gay-Lussae.)— A  wet  finger  exposed  to  tbo  ■« 
becotuca  colilee^t  on  the  side  from  wlaieh  the  wind  bluwi). — AlJearmtit.i 
porous  WEiter-jug  ia  wliteh  the  water  which  exudes  tlirongh  lht»  !«• 
ovdporatee  and  thus  coola  that  wbicli  rpiimipi?.'— The  pri>di)rlici»  «f 
India  {Crell.  Chevt.  J,  I,  10?)  is  according  tt>  Wells  (.S'cAir,  22.  l((;)iaJ 
1».  Scott  {iHdinb,  J,  of  .SV.  8,  21(J;  also  Schp.  52,  372)  an  cITe^C  not  » 
much  of  coolitTtg  by  ev&pomtioTi,  ns  of  radiation,  towards  empty  ifan 
the  tenipetature  of  whitfh  \a  very  low. 

The  Psychronieter  of  An^rnet  (Pofftf.  A,  (1!)  and  335;  14,  131>J  \»  t 
instrument  for  determining-  the  hyj^rometrsc  Blato  of  tbo  aimoMpli'*'' 
Twn  amall  thcrmonieUire  a,  h,  are  plaeed  npar  one  another,  otio  of  tli*« 
i  beinj(  covered  with  wet  luunlin:  it5  letnpemtiire  becomes  lowi^r  tliai 
that  of  a,  in  proportion  as  the  air  in  drier  and  more  watnr  evatMnJ* 
The  differenpo  of  the  tcmperaturPH  indicated  by  a  and  L  being  uinltii'li'J 
by  auti  the  product  euhtmcted  from  tho  trmpprature  denoted  by  <i,  li* 
r«ta:iindi^r  aliowA  tbe  tctnperatiire  nt  which  (he  uqueou«  vnpoar  in  tlw  *> 
widl  eoiid*tns&. 

If  ft  thin  glasB  bulb  oontaiiiing  water  be  surrounded  witli  «>IIm> 
ether  dro|i|Hii|  on  the  («'ttnn  and  a  etreaui  of  air  dirrcted  no  it,  tba  mf* 
will  frecM  in  n  few  minnto!),  If  the  bulb  of  a  merrurinl  thaiuiwik' 
ie  wrapped  tip  iu  coLton,  iUeu  11(^)1^1,  wlvAnrouH  acid  dropped  m  A» 
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itoD  and  Lbic  iiietininient  moved  al^mut  In  tlis  air,  tlie  mercury  gmiiiieiUy 
sinks  to  —        then  falle  BtKjdenly  int«  iLc  lulb  nnd  freeKea.  (Bueey, 
I  J.  Pharm.  10,  202;  also  Sche.  41.  451.)    Half  nn  ojiiicq  of  mercury 
h  pUcect  in  a  watch-glaes  and  covorcd  witL  liquid  pulpJiuroue  acul,  freezps 
when  Mown  upon  with  b  [mir  of  hpllowp.  (Wacli,  iSchic,  50,  24,)  Solid 
I  carbonic  ncid  moved  about  in  tbe  air  prfiducca  a  degree  of  cold  atnoBnt- 
I  iugto  — 72'2-;  if  it  heniixed  witli  etlior  tlic  tPiniicrntiiro  MU  to  —  15  7"; 
I  on  blowjEi;;  on  the  niixdiri}  it  ie  furtLer  reduced  to  — 71'°.  Mercury 
I  imoiGrsec]  in  sulid  carlionle  acid  in  the  open  iiir  tVcezca  in  a  few  eecontis; 
iJll  *  mixture  uf  solid  furljonic  aciJ  aiul  ether,  it  froPKCs  inetantly.  Linnid 
■V^Miiic  nt-id  encloied  in  a  tuba  may  hUq  he  Holidiflcil  Iry  immer^tau  in 
PRrIi  a  mixtdre ;  the  frozen  p^irtion  sinkfi  to  tho  bottom  of  tliiit  wliicli 
nill  remniiis  li^juid,  til]  Dig  wbolo  becnraes  frnien  info  a  compact  DiasB 
like  tJint  neaally  funned  by  solid  rarijonic  iteiJ,  (Mitciipll.) 

When, a  body  is  hentrid  in  tbs  air  to  its  bnilirg^  point,  ite  temperature 
cannot  be  paired  liigUer  by  any  fnrtbcr  addition  of  heat,  becaiiee  all  the 
bent  wliicli  afterwaida  enters  the  body  combinee  with  it  to  form  a  gae 
and  thus  becomes  latent.  The  rapnricing^  body  remains  conBtanlly  at 
ttie  boiling  tennieratiire,  and  (he  vapour  produced  has  likewieo  iho  Bame 
temperature,  provided  no  more  heatbci  subscu ueui ly  added  to  it,  This  in 
the  principle  of  the  Water-baffi,  Jfahieum  M'^^'it  b.  Marian,  a  covered 
vessel  in  which  water  la  heated  to  the  loilinf;  pidnt:  t!ic  cover  has 
Bpertufca  in  it.  into  which  a  number  of  Teeeels  arc  inserted  bo  as  to  dip 
either  into  tho  water  or  into  the  steam ;  they  are  thus  exposed  to  ti 
nQifomi  temperature  not  exceeding  100'.  If  a  lower  temperature  be 
rei^iiiied,  spirit  of  wine  of  various  elrenffthe  maybe  nsed;  higher  tem- 
peraturos  nmy  be  obtained  by  meau3  of  8olutioiia  of  eblurjde  of  calciujii  of 
varions  decrees  of  concentration, 

VarialinnH  in  the  temperature  of  n  body  heated  to  ebullition  may  bo 
pfoduced  by  the  following  causes. 

1.  By  change  of  atmospheric  preasurfl. 

Par.  incbea.,    26  26-5       27  27-5         28         28-5  29 

Bdiiingpoiut   ^HMfi"    tia-;-!'  S9]B3°    BD-soa"    100     ]D0-408°  itm-er" 

|.      Hence  the  difference  for  each  inch  le.  ahont  O'SlT".  ^Graham.) 

2.  If  heat  be  applied  to  the  lower  ])aTl  of  a  H^jiiid,  such  aa  water, 
'vDntained  in  a  deep  vcHsel,  the  heat  must  rise  to  a  hivher  degree  at  thifl 

lower  part  boforo  buhblea  of  vapour  ean  be  developed, — becaiiee  their 
eln^lio  foree  has  to  overcome,  not  only  the  atmoBpheric  prewure,  but  like- 
wise that  of  tbe  BUperincumbent  column  of  liquid.  Under  ik  column  of 
■water  10  metre-f  liiph  {=  1  litniospbere)  water  cannot  boil  below  122'^; 
but  in  passing  up  through  the  liquid^  the  vapour  expand'S  and  beconica 
cooler,  eo  that  when  it  cHeapes  at  the  eurface  it  has  a  temperature  uf  1 0(1", 
(Gay-I-nseac.) 

3.  Since  the  fonnntion.  of  gna  En  a  msBs  of  litjuid  takes  pkce  prin- 
cipnlly  at  the  edges  of  any  Folid  bodies  which  niwy  bo  contained  in  it,  it 
followe  tliai,  when  no  each  edges  are  preeent,  tlic  beat  mual  accnniulnte  in 
somewhat  greater  iiuoiitity  Ijcfwrc  Iho  bubbles  can  fiirtn ;  heaee  tho 
boiling  point  of  n  liquid,  e.  <j.  water,  is  lower  by  some  tenths  of  a  dfgrce, 
I^"  at  most,  and  llje  boiling  goes  oh  more  uniformly  nnd  less  by  fits  and 
ritart^,  when  the  surface  of  the  vcsbpI  m  uneven,  or  when  nietiillie  powders, 
fllings,  or  wire  are  introduced,  or  when  the  lu\\\\<\  is  ft;^ilated.  (Achard, 
Sail/'.  27,  27;— Gay-Lnsj^ae,  Ann.  Cfttm.  82,  1(4;  Arnt,  Chivi.  Phi;*. 
T,  307: — Mancke,  Gilh.  57,  215.)    Water  boile  in  nietiiUw  Ttsawiia  ^"t 
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lOO",  in  glius  veaaelB  at  101 '33°;  but  in  the  latter  case,  tlm  vapour  wbicli 
riaea  has  a  temperattite  of  onl^  100°,  tbe  higher  boitin^  jioint  beiof  pn»- 
bably  due  to  a  grenter  flAllieeion  of  gla^a  tu  water.  (Rudberg,  Poffff.  40, 
4&.)  Ether  of  0'7.j5  ep.  gr.  which  boiled  at  44  4^  C.  in  a  ^aas  ftuk, 
required  a  heat  of  OS'.V,  mid  sonictimcs  even  Ti)^  to  make  it  boU  ka 
glass  tiiTie  closed  at  tlie  boitota  and  iniiii(?rscd  in  hot  water  (in  the  latt«t 
caee  it  coutd  not  uiovo  eo  TroEiij) ;  melallic  filings  or  wire,  fragtneiiU  of 
glass,  or  puunded  gliis^  lowered  the  boiling  point  to  51°;  if  the  iiuoiil 
bad  ceased  to  boil  at  tliia  temperature,  tho  ebuUitioD  was  reprotlucea 
the  iatroduction  of  shavinga  or  epliiiters  of  wood,  (these  however  mut 
lil[«wise  linvc  at'ted  by  meana  of  tbo  air  u-hich  escaped  from  their  pore». 
Gra.)  Sintilar  result?  were  obtained  witb  alcohol  and  water.  (Botitod:, 
Ann.  Phif.  25,  196.)  Wa1«ry  liquids  heated  to  tho  boilins  point  sunl 
tiita  removed  from  tlio  6rc,  eibibit  freah  tbuUitioti  on  the  iutrwiuctidii 
yf  aoliJ  budiea,  only  when  a  pennanetit  jSia  likewise  cornea  into  play,— 
becaiiso  the  mixture  of  watery  vapour  and  permanent  gas  su^t&tns  Ibf 
pressuro  of  the  atmosphere  at  a  tenipemtare  below  100".  Piiri>  hn[\tA 
water  evolves  no  bubbles  of  vapour  on  tho  introduction  of  platinum  win*, 
but  neverthelcsa  boila  up:  bo  also  doca  pure  water  which  £tilt  contMrui 
air,  uti  the  immerainu  of  a  platinum  wire  whtcli  had  been  freed  froto 
adhering  air  by  previous  boiling.  The  sanio  plienomenon  is  exhibited  by 
water  freed  from  air  on  thp  introduction  of  a  mctaJ  win?  baring  njr  Btiil 
adhering  to  it;  and  more  violently  on  the  introducttou  of  a  piefe  cf 
wood ;  also  by  water  containing  from  ^^^5  to  of  sulphuric  or  olhw 
aoidq,  on  tho  immersion  of  iroci  or  other  nietala  whicli  develope  gas  by  tl)« 
action  of  the  ucid,  or  on  the  introduction  of  calcspar.  (Sohiinbetn,  Po^. 
40,  391.) 

4.  Many  foreign  bodies  produce  precisely  tho  opposite  effect  on  ti? 
boiling  point  of  a  liquid:  they  caoso  au  furcumnlation  of  heat  in  die 
liquid,  and  thua  i-ai§c  the  temperaturo  far  above  tho  boiling  point, — till  un 
a  suddon,  this  excess  of  beat  is  expended  in  the  formation  of  va|M.nr, 
wlirh  not  only  canses  a  rising  and  projection  of  the  liquid,  but 
occasions  violent  noiEy  agitation  and  often  fracture  of  the  eontntnini: 
vesaeJ.  Upon  thia,  the  liquid  goes  on  boiling  but  with  coisttnualtT  iltiut 
nishin^  force;  and  at  length  cornea  to  rcat  and  remains  tranquil,  till  a  frwii 
accumulation  of  heat  cau««3  the  Hsrae  action  to  be  repeated.  TbU  Jump- 
mjf -eliuU iti<in  oceura  in  water  containing  eulphate  of  potash  in  greater 
quantity  than  it  is  able  to  dissolve,  in  oil  of  vitriol  which  contains  i<\m 
a  smtill  quantity  of  euipliate  of  lead  in  the  fitate  of  powdor,  and  io  nitric 
acid  cisntaiping  ciyatala  of  nitrntQ  of  silver.  The  presenee  of  fal  itil, 
according  to  Scrymgeon,  raises  tho  boiling  point  of  water  some  *lfgree»i 
and,  according  to  MignuB,  a  li^'or  of  rolutile  oil  on  the  eorface  of  watM 
causes  a  ciso  of  tomporaturo  of  10°  above  tlio  boiling  point,  qjcconipsBivJ 
by  violent,  petcusaive  ebullition^  which  however  posses  into  quiet  ooilim 
aa  soon  as  the  layer  of  oil  becomes  broken  by  bubbles  of  vnpour.  Wst«r 
holding  nnlla  in  solution,— e.  ^.  neutral  turtralo  of  potash,  and  moreevpe- 
ctnliy  cau$itic  potash — hii^  a  great  tendenc^^  to  become  ovendiargcd  with 
bent,  so  that  tho  liquid  flows  over  wbcn  etirred.  Tho  ^refleno*  of  tnetal 
JJIinga,  wire,  or  cuttings  lends  to  prevent  irregular  ebullition,  iu»«mticb  aj 
metallic  points  faciliCato  tho  formation  of  bubbles;  but  accorJioj  U 
Lrgmnd  {Aun.  Chim.  i'kys.  59,  421}),  plulinuni  is  not  nearly  so  «fficftCtow 
ac  line  or  iron,  nietrdH  in  fact  which  decunipose  water, — although  th* 
xinc  plarcd  in  Mline  n'lluticng,  under  such  circum&laucca,  is  Dot  nnnbly 
dimini^ilied  but  only  eliglitly  turuishcd. 
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WLeu  a  volatile  body  liaa  its  boiling  point  raieetl  by  comlnnation 
with  a  less  volaLHe  subsfcancp,  tlie  vapour  at  tlie  moiiieiit  of  its  pDrmation 
likewise  poeaessea  the  liighcr  tempcraiure,  but  quickly  coule  d'jwn  to  tbo 
ordinary  boiliog  point  of  tbo  liody :  e.  g.  vnijour  of  water  evolved  froia 
boiling  salioe  solutiona.  (Gay-Lussac,  Awi.  C/unt.  Phjjs.  20,  .^24;  70,  420.) 
— Panibour,  Ja/ireek  19,  55.)  Accordin/;  to  Faraday  {J/i»,  CAirn. 
Pfqjs.  20,  32.^)  and  Rudberg  {Potfff.  34,  257)  tlie  vapour  uf  water  evolved 
from  boiliHg  saline  solutions,  even  from  a  sclutiou  of  cbloride  of  calcium 
■wiijcb  boils  at  150",  bits  alwaya  tbe  temperature  of  lOO'*. 

Wben  a  volstilo  liquid  is  situated  at  tb'Q  bottom  oC  a  less  volatile  ono 
■witb  wbtch  it  does  not  mis,  lis  boiling  poiut  is  someivLat  raised  iu  pro- 
portion to  the  pr«?aaure  ewrted  by  the  upper  li^juidi  but  tbe  teTuperature 
of  tlio  vapour  bubbles  which  rise  from  tlie  lower  thrcuigh  tbe  upper  ISq^uid 
IB  below  tbe  boiling  point  of  tbe  more  volatile  body,  because  its  vapour 
becomes  niiseil  to  a  certain  extent  with  that  of  tbe  upper  liquid  (tbe 
temperature  of  wbieh  is  aomewlmt  higbcfthan  that  of  tbe  lower)- — so  that 
the  uiiied  vapour,  by  virtue  of  tlic  sum  of  ita  tensions,  is  able  to  balance 
the  pressure  of  the  air  at  a  somewhat  lower  tempLTatunj,  ThuB,  the 
boiling  point  of  aulpburet  of  carbon  t>itnatDd  below  a  layer  of  water  ia 
47'^,  and  the  tempentture  of  tbe  mixed  vapour  43  5"';  tbo  temperature  of 
■wa.ter  boiling  under  oil  of  turpcntinu  ia  ID?*,  and  that  of  the  mixed 
vapour  di  6\  A  volatile  Hqui'l,  situated  above  a  leas  volatile  one,  c,  ^. 
water  above  mercury,  Ijoila  at  the  same  temperature  us  when  alone. 
(Magnu^  I'off'f.  38,  481.)  Comp.  Liobig  {Poffy.  24,  277)— Gay-Liweao 
{Anji.  C&wi,  Pfi3.  A&,  3a3;  50,  111). 

Leidenf rail's  Ejepenmi^l,  When  a  volatile  liquid  is  dropped  on  a  sur^ 
fare  heated  to  redness  or  a  little  below,  it  does  not  adhere  to  the  surfuce,  but 
swims  upon  it  iu  a  globuHar  form :  neither  does  it  become  liented  to  its  boil- 
in^'  point;  but  dimiui&hea  tlowty  in  coasoc^uenee  of  t3ie  foritiatiom  of  vapour^ 
which  escapes  between  the  heated  surfuce  and  the  liquid,  and  likewise— 
when  tbo  fjuantity  of  liquid  is  considerable — escapes  ia  bubbles  through  it. 
When  the  temperature  of  tbe  surface  falls  to  a  certain  point,  the  liquid 
comes  iH  eontact  with  it,  boils  with  violence,  and  is  rapidly  converted 
into  vapoar-  The  surface  may  consist  of  platinum,  silver,  copper,  iron, 
and  other  metals,  or  of  glass  or  porcelain;  but  the  lower  ita  conducting 
power,  the  more  strongly  must  it  he  heated.  The  cxperimeat  eucceeda 
w  ith  sulphurous  aoEd,  ether,  alcohol,  water,  oil  of  vitriol,  and  mereuryj 
tbe  higher  the  boiling-point  of  the  liquid^  the  more  strongly  must  the  sur- 
face ho  heiited.  A  small  phitiuum  cruclblp,  strongly  ignited  over  aa 
Argand  spirit-lamp,  may  be  gradually  filled  with  water  to  the  brira. 
Melted  slaga  falling  in  dropa  cipon  water  swim  for  eonie  time  ou  tbe  eur- 
face  in  a  Htattt  of  incandwcence,  and  then  aink  with  a  hissing  noise.  (Fara- 
day.) Alcolio]  dropped  on  an  almost  boiling  mijcture  of  alcohol  and  oil 
of  vitriol,  swims  npoii  it  in  globules.  Potash  and  its  salts,  likewise  chat- 
coai  powder  or  inh,  added  to  the  water,  interfere  with  the  phenomenon, 
nvconiing  to  Pouillet.  The  same  appearance  is  presented,  according  to 
Delatro  (fe  Boutiguy,  by  sulphurous  acid,  water,  and  ether,  even  in 
vacuo.  If,  on  the  other  hand,  a  healed  glass  flask  containing  ether  in 
this  peculiar  flwiUng  condition  be  stopped  with  the  finger,  and  the  forma^ 
tion  of  vapour  thereby  prevented,  the  phenomenon  wdl  he  arrested. 
(Dcsmarest  )  Liqiiiils  in  this  state  arc  not  roaolvod  into  pormanent 
^nsei),  but  evaporate  uncbaugcd.  On  eonnccting  the  metallie  surface 
■with  one  pole  uf  a  Bimplo  galvanic  circle,  and  tbe  liquid  with  the  other,  it 
is  fouud,  according  to  Poggendorff,  that  no  electric  current  passes,— and 
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coD§«qnently,  the.  liquid  and  the  lieaterl  <iirfac6  &t«  nol  id  contMU— Tha 
Lent  vrhltiL  i-itiliAtea  intit\  tha  heat&d  gurfa^t:  undi>ul>t«illy  prodacea,  befon 
ilie  siirfMcc  tincl  tlio  liquid  can  conK<  intu  ininicdiate  contact,  a  qtuntitir  irf 
Ta])Miir  fiiiffioiont  to  aopport  the  liquid;  and  this  vapour  being  coDttniullj 
renewed  prcveuts  the  liiiuid  frum  tuiichiDg  the  aitrfiLcv,  and  thus  int«raciiU 
the  more  rapid  trans  miss  ion  of  heat  by  conductiun.  [t'omparv  Kller  (/rul 
de  VAc<ui.  de  BaH.  1746,42]^  'who  sppenrs  to  have  heeo  the  fint  to  dU 
Hervo  tho  effect;  LeidcnfroBt  (J)e  mjwe  covim.  qaalitatibus.  Z>uu£.  175S}; 
Klaproth  (Sc/icr.  J.  7,  646);  Muneke  {I'o-jff.  1!),  514);  Panulajr  {Qu.  J, 
<ifSc.  JV.  S.  3,  221);  Bafi'  {Fogj.  25,  501;  also  Ann.  Pharm.  2,  220); 
Lechovalliet  {J.  Pkarm.  lb\  6(j6);  Baudrimont  {Ann.  Chim.  /"Ay*.  61, 
.■JIO);  Laurent  (Ann.  Chim.  Pktfs.  62,  327);  Boutigny  {i'ojfg.  fit,  130); 
Ensniauii  {I'ogg.  51.  444);  Ritter  {J.  pr.  Chtm.  10,  108);  I>t3«mareel  {J. 
Pkarm.  2fi.  74fl);  Foggeiidorfl"  (Vfw/j;.  52,  538).] 

The  Btatemect  of  Jn^i^cmyns  (Popg.  37.  th^t  the  bottom  of  i 

metallic  voeeel  luav  be  toucliod  with  impuoity  as  a«  wator  iff  boilip^ 
iu  it,  dpBervee  verification. 

When  a  vulaiile  liody  is  expo^ecl  to  a  hi^b  tempcrftture  In  k  niuTow 
space,  either  VAUiiouB  or  lillod  with  mir,  and  enctoa^d  by  solid  walls,  the 
vapour  produced  from  it  acc|uirea  a  continually  iacreii!*!n^  olA^l^ity,  Mi 
tbii*  r;ii  ">^  I  Ik"  ti^mponiturt'  cif  tlie  body  more  .ind  ninre, — so  thai  at  lenj^b 
H  dc^i'.i.'  Ill'  licat  ia  attained  at  wLicii  the  body,  under  line  ordinary  tempo- 
ral un;  ot"  the  ait.  Would  bo  inetanlly  Converted  into  vaponr.  {Papimt 

%  Faraday  has  succeeded  in  freezing  mercury  in  a  red-hot  platinum 
orucihlo,  by  puttiug  into  tlie  crnc-ublc,  firxt  etlior,  then  sidid  carhonic  acid, 
and  then — when  the  wlmlc  ia  in  tho  apheroidHl  etatc^ — tl^PP^^^  * 
Rniail  ni'Ctal  spoon  itiinlaiuing  between  400  and  500  grains  uf  incrrary. 
Tita  ]nen.'ury  frcc«eij  in  in-u  or  three  Hecunds.  j'lnn.  Chim.  Phyi,  19, 
3S3.)  Tie  lllni  of  vapour  which  iriterveniia  between  tb«  roJ-hot  tuctal 
uud  the  B<!nii-Hiiid  masa  of  i^tUer  a-vt'X  carbonic  acid,  compltitcly  pruvontt 
thfh  eomniuiiieation  of  beat  from  the  cruidble  tu  tlie  mercury,^ — In  a  etmiUr 
niADner,  water  may  be  froien  iti  a  red-hot  crucible  by  tlio  agency  vf  Uiioid 
eulphuroua  acid.  IF 

(/.  Incyfttse  of  Yolmna. 

The  oxpaneion  of  a  body  on  pushing  into  the  pnscoas  Atate  TariM 
according  to  ita  nature,  and  likewise  according  to  toniporalare  atitl  citcr> 
nol  pressure. 

Ouo  menBure  of  water  at  0'^  yielcJs,  under  a  prewun  of  0'7rt  mets*, 
1700  nieafiuroH  of  vapour  at  lOU",  according  lo  Gay-LnsMU),  and  1728 
iieoorJiag  tu  Dallon:  i;2H  is  the  cube  of  12;  heneo,  uRcording  to  Dalkiai 
view,  tbu  utonia  of  wiitor  in  tho  ^geouti  Elate  mu^t  removed  from  om 
auuther  12  liiiii*H  as  Jar  as  in  the  liquid  state;  if,  hciwaver,  tfacro  bo  aay 
fonndntivn  fur  iliis  HUppueition,  it  must  bo  true  for  all  cxtcruul  preisarMi 
(Uii  the  csiHiiitiiou  uf  uurlaia  other  bodtea  by  convcreioD  into  gas,  oni/v 
pp,  5T,  3,  itud  73,  I.) 

From  tho  fullon  jug  Uibfc,  Gay-Laasac  concludes  {Ann.  Chitn,  Pkft.  % 
130)  that  LKKlies.  m  uasuiuiui^  the  gntieous  form,  expand  bo  muab  tlw  hm 
III  priipiTtinn  an  they  pulTer  u  greater  amount  of  coatraclioo  la  oofdisf 
from  their  boiling  point* ; — 
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c>aDli;d  rrom  Lhe  boiling  point  to  a  tcmpcra< 

ture  .10°  below  it 
QuaiititT  of  va^tQur  at  1 00"  (in  Wires)  produced 

by  1  grnmiac  of  liquid 
Measures  of  vaptmr  nt  100"  produced  dj  1 

m«aaiirie  of  li4)uid  U  the  boUiug  I'oiBt 
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Sp^fj/c  Gravity  (if  Inor^aniC  Gnta. 
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A?,  dtmMm  ADm  &  Pefi^;  Be.  B^r^;  Bf.  BaJT;  BL  Bh 
^.imi;  Be  BercMkt;  Bx.  Berwlliui;  BA.  Biot  9(  Ango;  BD.  wvn. 
liu  tt  DflJong;  BO.  BioC  &  Gay-LuAie;  Ca.  (^reaOiiih;  Ctk  CuimW? 
Co,  Olin;  Cr.  Craitukaaka;  CD.  Clement  ft  Dtwram;  Dk.  IlkltoB;  Dm. 
^inan;  Da.  Damat;  Di.  Denmta;  DB.  Vumm  A:  BoaaRagaaJl;  F& 
"TMinffmr,  VaiK|Belbi,  A  8mib;  G.  Gkj-LosBac;  GT-  Oay-LiuMe  * 
.ril^anf;  H,  lleanr;  IID.  Hnmphry  Dary;  JD.  Jcjin  Diry;  Jq,  Junf. 
film;  K.  Kirw«o;  L.  L»Tou»r,  Ma.  MairKnad;  Mt  MibcWftdi-Rc. 
BMwtiIti  R«,  Rw;  a  Saiunire;  Te.  ThtnanI:  Tf.  Ttotftwiwff':  T* 
naawcrfi;  Tr  Trallw;  W.  Wilier. 

*a»lrnlali()fl  uf       «peci6c  gravity  of  ga^s  rests  upon  the  |«U««- 
*«ili£fn»:  (I.^  TLaI  tii«  aWmic  wpigbii*  of  the  clcnt«tit«t7 
gircn  on  p»g«  50,  an']  Muscfiwcntly,  ih&t  if  ouo  »ieuttr«  < 
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gen  gas  weigh  1%  one  measure  of  uitrogon  gns  will  weigh  14,  and  One  mea- 
Buro  of  carboDic  acid  gi^s  22,  — (2.)  Tlial  the  air  is  a  miiture  of  21  mea- 
sures uf  oxygcu,  7S'95  of  nitrogen,  ami  0  0')  of  i-Jirbonic  acid  gas.  If 
d«tiot6  the  sp.  gl".  of  oxyjjei],  y  of  nitrogeD,  and  i  tbat  uf  cilfhotlic  HciiL 
gas  (tEiat  of  iiii-  =  1)  then  0  21  j-  +  0-7895  y  -|-  0'0005  :  =  I  ;  moreover, 
T  J!  —  B  ji/;  ami  1]  x  =:  &s.  From  Una  we  fitnl  that  the  specific  gravity  of 
oiygen  is  1*10926,  tliat  of  nitrogen  a'9706,  an<\  that  of  carbonic  acid  gae 
Fromoneof  these  three  nuLgnitudte,  taken  as  astarting  point,  Lbo 
specific  gravitioa  of  the  remaining  subatanceB  hav«  been  calculated  accord- 
ing to  their  atomic  weigbta, — n.n(l  from  tlio  same  data  it  baa  likewise  been 
detenniiicd  whether  they  iinJiergo  0,  1,  3j  6,  Of  12,  IS,  or  ^i-fold  loxpnn- 
iBion  in  the  giiseous  state,  The  ypccific  gravities  of  those  sabaLancea 
n-hii^h  in  the  Table  liflve  a  n«te  of  interrogation  put  after  them,  have  never 
been  dctcmiiiiecl  by  direct  experiment;  in  the  hypoLbetical  calculation  of 
them  it  haa  been  aasunied,  according  to  anahigy,  that  the  vapours  of  eele- 
niiim  and  tellurium  are  O-atiMiiiu,  vapour  of  antimony  2-atoniic,  and  tbo 
v3]>our3  of  CBrboii:,  borou,  tluorino,  lydroflaoric  ueid,  silicium,  titaniutn, 
bisomth,  *nd  tin,  are  1-ntoinic  gaacs.  Tho  difforcHW?  between  the  resulta 
of  calculation  »nd  eip^Timeut  are  easily  explained  in  the  ca»o  of  vapours, 
because  the  exact  determination  of  their  specific  gravity  ia  Bubjfct  to 
great  difficulties,  The  difl'erences  between  tho  rcfultsj  of  calculation  and 
ohservatiim  iu  the  case  of  tho  permanent  gas'sa  perhaps  arise  from  tho 
adoption  of  incorrect  liypcdheees  in  (he  nili; nlation,  e.  //,  tlio  sti>mic  weight 
of  nitrogen  may  have  been  iLSsumed  too  low.  Since,  ho-n'ever,  the  results 
of  the  iiio^t  distinguiahed  observers  frcqnenLly  differ  raoro  from  one  ano- 
ther than  from  tbo  cnlcidat^l  specific  gravity,  a  new  and  exact  revision 
of  the  specific  graWties  seems  to  be  rccjuired,  to  enable  na  to  decide  posi- 
tively respecting  the  correctncsg  or  incorrectness  of  the  assumed  bypo- 
thesefl. 

One  litre  (or  1  cubic  decimetre)  of  water  at  +  4  (it-'  point  of  greatest 
deneity)  weighs  1000  grainmee,  I  litro  of  atinoephiiric  air  under  tho  4j(h 
parallel  of  latitude,  at  0'  C-  and  O'Ttt  niet.  atmoBplioric  pressure,  weighs, 
according  to  Biot  &  Ara^o,  l*2S9i  gramme  (according  to  Dumas  &  Bous- 
aingaidt  I  -211 95).  Thie  gives  for  the  weight  at  4% — since  at  this  tcinperaturo 
(p.  224)  the  air  is  oxpnnded  ^-fj  of  itw  bulli  at  0*  (278  :  274  =  1-2991 
1*28  gramme.  To  find  tho  weight  of  a  litre  of  any  other  gaa  at  0^  and 
0  7G  met,  bar.  multiply  the  Jpeciiic  gravily  of  the  gaa  by  r2991  (the 
gr.  of  air  =  1).  In  ibia  iiianiicr  wc  may  obtain  with  tolerable  accuracy 
the  relation  by  weight  of  ivater  to  the  gas,  since  1  litre  of  water  weighs 
1000  gmimne-s;  only  it  miiet  bo  remembereil  that  the  weight  of  the  gas  h 
tiilifii  at  0',  and  that  c>f  the  water  at  +  4''.  K  we  would  find  the  relation 
bctweou  the  specific  gnLvities  of  the  gns  aud  water  at  the  ea.iue  tempera- 
ture, viz.  +  4",  we  must  assume  that  of  water  =  1000,  and  multiply  the 
8p.  gf.  of  the  gas  (that  of  air  =  1)  by  1  "Kf. 

According  to  the  preceding,  the  specific  gravity  nf  air  at  O',  and  under 
a  pressure  of  0-7B  metre,  is  to  that  of  water  at  -|-  4°  as  1-2991  :  1000; 
hence  (since  1'2991  :  1000  —  1  :7H9'7)  water  is  770  times  wa  heavy  as 
air.  If,  then,  tho  sp.  gr.  of  air=  1,  that  of  water  =770;  and  if  tho 
specific  gravity  (that  of  water  =  1 )  of  any  liquid  of  solid  body  be  niuHi- 
plied  by  770,  tho  product  will  be  its  specific  gravity,  taking  that  of  air 

I.  On  the  contrary,  to  reduce  tlie  sp.  gr.  of  a  gas  (air  1)  to  what 
it  will  be,  taking  water  =  I.  we  divide  the  former  by  770.  To  find  the 
expansion  whicfi  a  body  undergoes  in  jwanniing  tho  gaseou,s  form,  multiply 
its  ep.  gn  (water  =  1)  by  770  (the  product  will  bo  its  ep.  gr.  ate  = 


IJififctfcw|Biihfitythti^gr.(»a=l)wtohala*i«  At 

e.  ^  ■  Ike  «Me  of  water:  1-000  (af.  gr.  utw^m)  x  T7«  =  TTOT 
wmA  7T0  :O-«M  (ip^  gr.  of  Tspgu      nwr)  =  UM  I      Ibr  adiAar 
HVt^  —  231-4;  tlmi  miAmy.l  nioK  of  »«tcT  mi  0'  jieUi  l»4  l 
ToMMt  of  nMOF  of  vater  al  v'  mad  0-7C        pte««««j  mmi  1  votam 
«f  mIpIiw  jwUa  831-4  TolmM  of  aalphw  *mpv«r. 

[Pog^dorfTft  taUca  qo  tbe  ffwA  gcimtf  of  9^  ('^VV*  17> 
91,  <2a;  41,  449;  4»,  41«.)— BaTa  metWKt  of  deienaiHiBg  tfo  if«dfe 
^Titjr  of  gvm.  {P099.  3%.  243.>    Dona*  Dineliom  fow  datmmBiiig 
lite  «p.  ft.  of  gaaet.  (Jaa,  Ckiin.  J'kft.  33.  34) ;  alM  Payg.  33.  33«;  alM 
Jan.  fiarm.  3,  59.)    MiM&*riick     (i^dji^.  199-)} 

-  C.  ^KM/t^  im  (hmt. 

^pualilT  of  eaabined  bcai  ia  gMM  Tarie*  anrafiliBg  lo  the 
of  tbe  poDdenble  bo«ly,  and  likewue  aceoidn^  to  iba  pnan 
tii«  gas  IB  eabjeetod. 

Tli^  qaanttty  of  com)tiD«d  Iiu.t  m  Ui«  more  penmneat 
l>«  approximalely  detenniDcd  from  llie  d(.-re-lDpin?at  nflwal  aliii 
place  iii  the  cLemical  comLLiuitioii  of  th^tr  pomlenble  alcaicnta  with  oUar 
substASCU  to  (<ytTa  Diln-^B^^afi  ooti]|K)aDd^; — ihis  JtTe|(»pB>M|  of  btat  tli 
towevcr,  partly  due  lo  tli«  not  of  ctiernical  comhibatiob.  Th«  ^oaatitj  «f 
beat  wtt  free  in  Liie  aWurpiion  of  iwid  gm^i.  a&il  knimotUA  hj  water  btiiif 
but  email,  it  wonld  Deem  that  tbcse  ga^ee  posaeca  Imi  beat  of  Qiudily  (bat 
vapoor  of  water  and  some  other  Tapoura. 

Tb«  (luaotilj  uT  bent  in  Taponra  is  foond  by  condoctiii^  a  koon 
weigbt  of  the  vapoar  (produced  by  boiling  tbe  Don-gaaeood  elenMal  is 
a  retort)  tkrougL  a  worm-tube,  or  luto  a  receiver  Eorroaiided  witb  » 
known  <iuBntity  of  water — or,  in  tbe  mse  of  vapoar  of  water,  directly  iota 
tbti  water — and  obeervtiig  tlio  increafti  of  temperature  prtKluceil  m  tb« 
water  by  tbe  condvusaliou  uf  tbe  vapour.  Tbis  incrcn^e  of  temprnton 
expraaaed  in  degreea)  moltiplied  by  tbe  Tolume  of  water  in  tbe  nxvit-tf 
iha  veighl  of  the  eoadetued  rapour  being  a£SDmed  =  1)  is  Mjaat  ia  lb« 
wat  of  fluidity  eet  free  by  tbe  coudeofiatioD  of  the  gaa,  +  ibe  deer«M 
of  tem|>craliiro  which  tbe  condea&ed  matter  undergoes  from  ita  bo3* 
iu^  point  t»  tbe  lemperaturc  exhibited  bv  tbe  water  at  the  end  of  tbi 
ex{>«riii)Piit. — ^PerewE  {Chim,  rwlec.  250)  lieats  tbe  lii|uid  lo  ita  lioiliic 
point,  ami  then  dn>p«  it  with  a  pipette  upon  mercury,  the  tOOlpeiBlVlV  fll 
wb^cb  ■«  about  ^U'  above  iho  boiling  point  of  the  liquid,  til)  tbv  mvnoiy 
IN  Dearly  cool«<I  down  to  that  point, — ami  determines  tbe  i^nantity  of  bm 
wLiob  lias  become  latent,  by  obeer^  ing  the  tcnijiChitHro  of  the  increni^ 
]>ofor«  and  after  the  experictcDt,  the  quantity  of  tbe  tncrcury,  and 
tbe  Hqutd  «irapotat«d. 

raWf  0/  A«  Lattfd  Utat  of  Vapourt. 

Column  A:  Nnmn  of  the  flnbslaiicc. — B:  It^  fpceifie  ^rrarit^  in  tbolt^i 
r  loltd  Btate. — C:  Nnmlrerof  dcgnjoe  centigrnli:  tibuve  6'  wliith  the  rap 
d  body  would  exblliit  ;Lt  \ts  boiling  point,  if  udqo  of  tba  beat  wer*  mi- 
ld latent. — D:  Deilucling  from  tbia  the  lient  required  tu  hum  tbe  aub- 
£r«m  D"  to  itB  boiling  point,  tbe  remainder  is  tho  quiujtity  of  Utrat 
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beat  in  the  rapcmr  at  tha  bailing  point. — E :  Number  of  dcgrecu  by  wli  tcb 
the  lemperature  of  water  nt  0'  w  ould  be  raised  by  tlie  qiismlity  of  heat 
wliifli  the  same  weigbt  of  vaporized  matter  at  its  boiling'  pftint  wonlJ  give 
up,  if  it  were  to  lose  iis  gascoua  cnntlitioii  anil  bcj  cooled  down  to  0". — F: 
TLe  same  after  deducting  itie  quantity  of  liettt  re(|ii!red  t<k  hnai  the  eubdtancg 
from  0"  to  its  boiling-  puintj— aiiil  fnuud  by  multiplying  the  fipccitic  licat 
by  the  numbcp  of  degrees  at  which  the  boiling  point  ia  fixed.  Thia 
column  F  serves,  therefore,  for  comparing  Iho  i|uantiLic8  of  latent  lieiLt  ia 
dilferent  TBporized  eubstnnces.  If  tlio  nurnborB  in  columus  E  and  F  be 
divided  by  tlie  ^pociiifl  te-atd  of  the  respective  siibstunces,  tho  qiiuticnta 
will  give  tbo  numbers  in  eoEumna  C  and  D: — tlieae  nuiubera  iiiigbt  bo  ub- 
taiaed  direetly  by  experiment  if  the  vapuura  of  tho  eevenil  eubstaEcea 
ffore  pnEsed,  not  tbrougli  water,  but  Lhrouijb  the  bodies  from  wliiiob  they 
are  reapectively  formed,  e.  y.  vajiour  of  alcohol  tlirougb  coM  iilcohol,  &c. 
— G;  name  of  the  observer. 
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A3  7 
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53?- 
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m-1 
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I  JC  B 
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98 '8 
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Ku  in  ford 
Clem.  Duamci 

tr« 

DenpretE 
W.tf 

Ure 
Urt 
Ure 

Ga;  Liunir 
Ure 

Ure 

DespreU 
Uro 

Oay-Luuoc 
Ure 

Pispreti 


The  quantities  of  beat  reqoirod  for  vaporiEation  appear  to  bo  to  one 
anothor  nearly  in  the  inverse  ratio  of  the  denBitiea  of  the  vajiours  pro- 
duced, and  therefore  attfo,  in  aome  measure,  of  the  atomic  weights  of  the 
corr«tipoiii!iiig  substancea:  fur  on  multiplying  the  latent  heat  of  a  vapour 
by  its  spceiiic  gravity,  wo  obtiun  a  eet  of  numbers  nearly  eijual  to  one 
ajiothor.  If  the  latent  beat  helunging  to  the  aubetanco  in  ita  liquid  utato, 
which,  boirevor,  ia  knowD  only  iu  tbo  case  of  water,  were  addiid  to  Ibo 
other  portion  of  latent  lieat.  a  more  oxatt  cuincidvuce  wouW  perltapa  bo 
obtained. — This  law,  however,  does  not  yet  agreo  with  the  reaulta  of 
txpcrimeut  sutHciontiy  well  to  entitle  it  to  bo  coDsidered  as  establiahod. 
(C'wH^j,  Th.  SaoBsure,  ^V.  Gthl.  4,  Tr,  also  Q'db.  2y.  Ure,  Ph.  Tram, 
3818,  p.  385;  aUo  -S'cAw.  360;  Pceprelz,  Ann.  Chem.  Phys.  24, 
938.) 

TT,  I  subjoin  tho  following .  table  of  tha  latent  beats  of  vapours 
recently  deterpiined  by  tha  experiments   of   Fn-vro   and  Silbemimia 
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fcnnit  vttfc  5}  lb.  of  ntet  «t  OF,  *]  Ol  af  nUv  •»  KMT,  i.  tbe  impov 
part*  with  550"  of  bemt,  w  Acder  to  Wom  fiqud  nt«r.  S«eli  ia  tkt 
oae  whli  aqoeoas  nptw  of  100*  C.  »Bfl  a  Immmii  s=  1  almaqAcn, 
aqaems  rmpoar  of  C.  and  ■  tentioii  =  4  atmoBplwTes,  and  Maroai 
vapour  or  rarioiu  olber  tempeimlara  ud  tdnnoiw.  (Clfm«Bt  & 
eomefi.J  The  Tspoar  of  water  (oatuned  in  I  be  atmoepliere  at  0°  cas- 
ta Ids  630"  gf  combined  beat.  Tbe  tempcnliire  and  elasticitr  of  rapDoi 
of  water  increaM  as  ita  Tolame  duninwhes.  In  a  Te«eet  who**-  sidre 
wnold  permit  neitWr  ingress  nor  egma  of  brat,  sa(orate<I  vapour  uf  waur 
at  ItH}"  tnij^lil,  by  entsi^emeDt  uf  the  sparp,  be  c<»nTcrtcd  into  cold  Tapour 
nf  low  tension,  aii'l.  by  continnal  nurrowjng  of  tb«  space,  into  very  kot 
vii|ii>ijr  uf  high  tcnaiou,  wItboDt  any  liqucFactlDQ  Inking  pU«e  id  tlw 
tlltt^^  caxc  (uol(^  tbe  xpBce  were  to  becoine  too  mi«]l  to  allow  of  tk' 
wjihT  pjtijititig  in  ilw  gaseous  state). 

I'^ttiri.iiiitjf  tbe  latent  heat  of  vapour  of  water  at  100"  C,  a«  eqaal  t» 
0-  C.  (IMtO  K.),  ana  tbc  free  beat  =  100"^  C.  (!80'  F.).  M 
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0" 
50 
lOO 
150 
200 
£50 


Latent  He&t. 
650" 

sao 

5&0 
JSDO 

400 


togethw, 

650° 
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At  G50' (1202*  F,),  iia  mote  gf  tlie  heat  couM  oxist  in  the  latent 
state.  This  tcmpGrature  probably  corrusponJ^  to  a  <Jogr?9  extuniul 
pressure  at  which  tlie  cxpitnaion  of  water  iiitu  vapour  becomes  imposaiblo, 
and  beyond  wliicli  all  the  lieat  remaima  accumulated  in  tlie  water  iu  tfie 
fiffS  state.  Ac|iieous  Tapour  below  0"  would  ^ontaio  'eo  many  inore 
deuces  of  latent  heat  as  ita  temperature  wns  umlor  0°;  e.  ff.  yapour  of 
water  at  —  20"  C.  u'ould  contfLin  G7fl"  of  latent  heat. 

T.  The  law  just  slated  is  commonly  known  as  Watt'H  law.  Accord- 
ing to  Southern,  on  the  contrary,  the  heat  ubtainect  by  subtmctlng^  from 
the  total  beat  the  wntiililc  heat  indicated  by  the  thernioineter, — or  that 
wLicli  it!  ordinarily  called  the  latent  heat  of  evaporation, — remains  ma- 
etaiit.  The  late  clabonttc  reaenrelice  of  Ee^ault  have  shown  that  hoth 
these  laws  are  incorrect. — Supposing  the  rela,tion  between  the  total  quan- 
tity of  heat  and  iho  temperature  to  be  developed  in  n  series  of  ascending 
powera  of  the  temperatures,  that  is  to  say,  uf  the  form ; 

t^  —  J  +Bt  +  Cf+Dl'>+  ... 

At  By  C ...  being  con^tanta,  the  law  ciF  Watt  would  he  eiprcsaed  hj?it=A. 
Hegiiatiltj  on  the  contrary,  finds  tbat  the  law  may  be  represent)? il,  within 
the  limits  of  error  of  experiment,  by  A  =  4  +  Blj — and  he  obtains  for 
A  and  B  the  values,  A  =  tJOG'5,  B  —  O  305;  bo  that  tic  formula  for  cal- 
culating tLo  total  quantity  of  heat  in  eteani  at  diO'erent  tempeiuturea 
.  l>ecomes 

A  =  e06  5  -I- 0-30.5 
Calculated  bj  this  foniiciEa,  the  proceding  table  becomes: 


In  Vapour  at 

Free  Hut. 

Latent  Heat, 

Sum. 

0° 

0" 

6Q6-h 

60  G -A 

&0 

5Q 

571-7 

fi2I-7 

100 

lOO 

537*0 

C370 

1.^0 

Ibli 

502-2 

C52-2 

200 

iOO 

4G7-5 

250 

25U 

430-25 

682-7 

{Vid.  Works  of  the  CaimidisK  SodHg,  Vol.  I.  p,  294,]  IT. 
D.  Liqutf action  and  Solidification  of  Gatts. 
Liquf/actioa,      external  pressure  anii  cooling. 


a. 


Since,  according  to  tlie  preceding,  e%*ery  gn.s  takea  up  a  greater  apace 
than  the  litjuid  or  ftolid  matter  out  of  whitti  it  is  forinocl,  it  must,  when 
the  spaco  which  it  occupies  is  continually  iliminiahed,  ultimately  Inae  its 
gaeeous  form,  and  he  thereby  deprived  of  it3  heat  of  fluidity. — If  the  sides 
of  the  vessel  cohM  be  heilcd  from  without  at  exactly  the  iianie  rate  as 
the  gftfl  becomes  hotter  by  eomjjression;  «r,  what  conies  to  the  sanio  thing-, 
if  the  compression  could  be  produced  in  a  Tessel  impervious  to  boat, 
liquefaction  would  not  take  place  till  a  very  cwnsideraole  externsl  prea- 
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longer  am  Ib  heikted  by  tho  eun,  or  by  water  at  temperfttnres  betweon  30° 
and  38^  Tlio  tube  mtiat  be  very  strong,  and  bIiouM  not  he  struck  hard  nr 
touched  witli  sand;  for  us  lon;^  us  the  development  of  gas  is  going  &n.  tliB 
danger  of  bursting  is  cotitiuiiaJly  on  tlio  increnae.  Tlio  bursting  m  Et- 
t&mled  with  violent  detonation^  the  tube  being  often  split  into  innu- 
merublo  frit^oiitR  (Niemann).  Heoee  it  is  necessary  to  wear  gloves  and 
a  matikj  with  tliicli  glassca  before  tlie  eyes. 

Bueey  ertccted  tbe  liquefaction  of  chlorine,  cyanogen,  and  animoijiacftl 
giVf  at  a  pressure  hut  little  superior  to  the  ordinary  pressure  of  the  atmo- 
jsphere,  by  trunsmitting  tlicse  gases  tliroiigb  ii.  tube  claeod  with  mercury, 
1  widened,  and  eoTored  with  eotiun  at  one  part,— whilo  fiuiphurous  acid  was 
dmpped  upou  tlic  eotton,  and  a  stream  of  nir  directed  on  it  (p.  274). — 
Theso  gases  may  likewise  be  condensed  in  a  freesing  mixture  tiiailo  with 
chloride  of  caltiiuui.— A  lube,  in  which  solid  carbonic  acid  has  been  sealed 
up,  is  fousd  to  contain  notbing  but  gjis  vchon  beaterl,  while  lii^uid  car- 
l      bouic  acid  makes  it»  appearance  in  the  cold.  {Mitobell.) 

IT  Famday  has  lately  succeeded,  by  the  use  of  more  powerful  mertns, 
r  in  Ii([uefying  till  the  known  gases,  with  the  exception  of  oiygen,  hydrn- 
gen,  nitrogen,  nitric  oxide,  carbonic  oxide^  and  eoal-gos^ — and  solidifying 
a  great  nnmber  of  ibein.  (p/ni.  Trans,  1845,  I.  170;  a-bstr.  Phil.  Maff.  J. 
26,  253.)  The  method  adopted  was  to  anlyect  the  ga«es  to  tbo  jnint 
actinn  of  powerful  niKbanical  pressure  nncf  eitreme  cold.  The  first 
object  was  attained  by  tbe  successive  action  of  two  air-pumps,  the  firft 
having  a  piston  one  inch  in  diameter,  the  eoeond  only  half  an  inch.  Tlio 
first  produced  a  pressure  of  about  20  ntmospberes,  tbe  accond  increased 
it  to  upwards  of  .50.  Tbe  tubes  into  wbicii  the  gas  thus  rondenspd  waa 
made  tu  p!isa  were  of  green  bottle  glaiis,  from  i  to  of  an  inch  in  eiternai 
diameter,  and  had  a  curvature  in  one  portion  of  ibeir  length  adajited  for 
inrniersion  in  a  freezing  mixture.  The  mixturo  employed  consisted  of 
aoliJ  rarboiHC  acid  and  etlier.  Tbe  cold  prgduced  by  it  amounted  to 
—  108'  Fiih.  in  the  open  air,  and  —  IflC^  Puh.  nnder  tbe  Glbauated 
receiver  of  the  air-pump. 

Many  gases,  when  enbffioted  to  thi'S  extreme  degree  of  cold,  wero 
lif^uelied  without  the  use  of  the  condensing  apparatus:  tbis  was  the  cfisj 
with  cbtortne,  cyanogen,  ammonia.,  sulphuretted  bydrogen,  arseniUTetted 
hydrogen,  hydriodic  acid,  bydrobroraic  acid,  carbonic  acid,  ol^fiaiit  gas, 
nitrona  oxide,  and  oxido  nf  cfikii-inc.  Flnoi-ide  of  silicon  liquefied  at  r  pres- 
Bure  of  !>  fttmoRpb erea.  Tbe  following  were  solidified  when  subjecteil  to 
the  action  of  (be  enrbonic  acid  batb  in  varm):  Hydriodic  acid,  hyd robrouiio 
ncid,  !>ulphurou8  acid,  autphnrettcd  hydrogen,  carbonic  acid,  oxide  of 
chloriiio,  eyanogen,  ammonia,  and  nitrous  oxide.  Faraday  ernggesta  tho 
employment  of  ao-litl  nitrous  nsiJo  mixed  with  etber  as  a  means  of  pro- 
ducing a  lower  temperature  than  any  yet  observed,  Tho  following  gae^ea 
did  not  solidify,  even  at  thei  lowest  temperature  that  could  be  obtainciJ: 
OlcfiEtnt  ^-a^,  flnoride  of  silicon,  flnoridc  of  boron,  phoephurotteil  hydrogen* 
Jiydrochloric;  acid,,  and  arsenlurotted  hydrogen. — Tlie  six  gaaea  mcntiouea 
at  the  commcnoenient  of  tbo  preceding  paragraph  showed  no  sijina  of 
liquofactton  when  cooled  by  tbe  carbonic  acid  bath  in  vacuo:  byilrognn. 
and  oxygon  at  27  almospherus,  nitrogen  and  nitric  oxiJo  p.t  50,  carbonifl 
oxide  at  40,  and  coal-gas  at  32  atmospheres.  H. 


Every  liqtiid  may  ba  rcgarJcd  ft9  a  condensed  gas,  prevented  by  prea^ 
sure  from  expatiding  itself  in  tho  gaseous  form,  hut  slill  ri;talu,i.nif.  li, -^t- 
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tiim  of  its  latent  ticat,  wUicli  prolinljly  bears  a  simple  relation  tn  tine  w 
qiuntity  of  latent  licnt  existiDg-  in  the  gas.  lo  an  empty  space  of  iafiaile 
extent,  all  solid  lodiee  would,  at  nil  temperatures,  be  foavert«d  iniu  gu, 
without  previously  melting;  but  wlien  tbe  empty  tpaoo  is  of  limiled 
extent,  it  iiecQinea  fillod  wilb  tbe  g^a  tliat  is  foiniedj  niid  thi^  gvia  rxcrt> 
n  pressure  on  the  Tomaiiiin^  portion  of  tlte  eolid  body,  and  c«oclet«  iL 
capable  of  fusion. 

Tho  deco-in position  of  it  gaa  by  cooling  ot  pressure  is  always  attetxicJ. 
with  the  furmatioD  of  a  C/ouJ,  Tbis  cloud  is  a.  mixture  uf  the  uncui 
dciisorl  gaa  Trith  the  very  finely  ttivided  Eii]uiil  or  solitl  particles  wLI^L 
topftfate  from  the  gits,  iind  produce  cloudiness  ty  irregular  refraclivn  cf 
light  or  by  their  opacity,  Wlien  these  particlea  bjc  solid,  tlic  cJoud  i« 
Bometimes  clfBignnteil  by  the  term  Pitmt. 

Danicll'e  Sulphuric  Ether  ffijflvtmeter  (Qu.  J.  of  Sc.  1820;  also  Gili. 
65, 16f)  and  403)  slnipliGcil  by  ]>iihereiner  and  KBrner  (Gi!b.  70,  135  uhl 
13J))  and  improved  by  Adio  {.V.  Ed.J.ofSc.  I,  GO;  abgtr.  Schir.  56, 
depcndi^  for  its  action  on  tho  coiidcnsaliuu  uf  the  aqueoua  vapour  can- 
tainenJ  in  the  air  by  cooling. 

^{uhUmatioii  and  Dittilhtion  <lopend  on  the  convereioii  of  a  euWUnc* 
into  vapour  and  the  condensation  of  tbo  vapour  in  another  part  of  tW 
apparatus  by  uooling.  The  object  cf  both  these  operotioDS  \a,  far  tb* 
most  PBrt,  to  B^pparate  an  ei^ily  vapohaed  body  from  one  which  is  Im 
volatile.    The  former  is  eonvertcd  into  vnpour,  the  lattt-r  reiuint 

as  Ibo  reaitfuc  of  the  suhliniatioti  or  distil Iriliuu, — th?  £o-r-alle<[I  CfipM 
tnortitam,  or  iti  the  CAse  of  il3  being  tii^uid,  Ibo  Phltt/vm,  ike.  of  tin 
older  cheuiHts.    The  operation  is  cnlled  SubiinMtion,  wb«a  tbe  TBpoai' 
conducted  into  tho  cohler  part  of  the  apparatus  comlcftsea  into  h  eolid  eub- 
istancc,  and  DisfiUotion,  when  the  vapour  is  converted  into  a  litjuid.  1» 
both  oporaliuiis  the  body  to  be  vaporized  is  enclosed  in  an  A  lembic,  Fiatk, 
■nr  Retort.    On  tlie  tup  of  tho  alembic  nr  flask  ia  fitted  a  Head;  and  il/^ 
daring  the  distillation  ia  often  connocted  with  a  Coding  or  Con-r 
Tuht  whieh  pnaecB  into  tho  Itecciver:  ivbeii  a  retort  is  ueeJ,  the  » ^i  '  i. 
paascs  through  the  neck  into  the  receiver,  whiclj  ia  kept  cool,  and 
<:oudL'DiieH.    A  lube  widoued  in  the  middle  ie  often  placed  bctweoti  t\it 
receiver  and  the  necli  of  the  retort. — The  vapourf  may  aleo  be  conduet«J 
from  Hie  retort,  the  tlasU,  or  the  head  of  the  alembic  through  a  pi^i--  ■  r 
nielal  tube,  and  tliere  they  nmy  be  condensed  either  ia  the  maunur  i 
iHopdcd  by  Liebig,  viz.,  oy  Weigel's  CanJemln'j  Appanitux  fTas^U-iik 
1794,    129)^   in  which  the  tube  is  surrounded  with  a  metal  cvlindpr 
through  which  cold  water  ia  cotitinually  flowing  in  a  din^<.-tioii  iMiitrarv  Itf 
that  of  tho  vapour — or  else  by  fiurrounditig  the  tube  willi  bibulous  \k^^ 
op  liiion  Itept  motet  by  water  constantly  dropping  on  it. 

Vapour,  oondt'nBed  into  a  aolid  bcdv  iyttma  &  Suhlimate;  that  wbidi 
condenses  to  a  ]i(}uidj,  a  DisliUntc.  ^Vhon  the  latter  is  subjected  to  • 
Hecnnd  distillation,  to  free  it  gllll  further  from  k-sa  vntallle  Ttodirie,  tlw 
operation  is  I'alled  RediJicalioTi:  by  Co/irjtnlifii  in  meant  lliu  dt^tiliatioa  of 
lhL>  dit^tilli'd  pru<ltiet  after  it  baa  been  poured  hack  either  oa  what  retniin* 
behind  or  on  fresh  material. 

Since  vapoHiation  proceeds  very  rapidly  in  vacuo  even  at  low  tea\.pe- 
mtures,  so  hkewiao  dues  distillatioa  go  on  very  »piickly  ut  low  t«mp«n- 
turos  when  the  appnmluH^  ia  exhausted  of  itir,  provided  the  recwivw  bo 
kept  colder  llinn  tbo  retort.  If,  on  the  other  hacul,  tho  nppamtlia  b*  fiili 
of  air,  (lio  (ubjitanco  must  be  heated  tu  the  boiling  point;  othenriw  thf 
dinillation  will  be  very  iW.    It  will,  however,  he  undcwto&rl  fmra  irUt 
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was  said  on  page  285,  that  the  quantity  of  teat  expended  in  tlifl  fuTina- 
tion  of  vapour,  is  tlie  same  whctlicr  the  vaporization  tates  placo  in  vacuo 
or  in  a  epacfi  filled  witli  air,  aad  at  wliatever  tenipcmturo  tlio  vapour  may 
bo  fnirmed. 

When  a  volatile  lli|ni(J,  like  eHier,  is  t»  be  kept  boiling'  for  a  cousi- 
durablo  time  in  contact  with  another  suhatnnt'e  witlinat  allowing  any  of 
it  to  escapt^,  a  gliiss  tube  open  at  both  ends  in  attnchod  to  the  l]9t'k  nnd 
kept  cool  witli  wiitor  by  ineaiis  of  Weigera  coniiensing  apparatus,  or 
niorely  eurrnuniled  with  nioietened  ])apor,  no  that  the  vaponr  whicL  riges 
into  tiie  tulje  may  be  condensed  and  ruu  back  into  tlie  flask.  Mohr'ii 
paraliie  {.imir  Pkann,  18,  232)j  also  Carriol  and  Berthemot's  s-ppiirutua 
(./.  Pharni.  IS,  112}, 

6,    Liqw/cKiion  or  Solidification      tfi«  Afinity  of  Pondtrahle  Bodict  for 
the  PondsrabU  Bate  of  the  0(t«- 

If  nay  po-ndcralle  body,  wbcllier  it  Lo  in  tlio  solid,  liii|uid,  or  gaseona 
state,  has  a  struagcr  affinity  at  the  given  (cnipenitiirc  for  the  ponderable 
euljatance  contained  in  a  ga^,  tliau  (icat  has  for  the  simt?  suhsHance,  and  if 
tbiji  stronger  affinity  is  able  to  eieH  itself  (pp.  30  .  38),  the  t'vo  ponder- 
able suhaLances  oomhino,  und  ilic  latent  heat  of  (he  gas  (or  of  both  gase«, 
aa  the  case  may  be)  is  rendered  sensible,  provided  the  new  compound  if 
nut  itself  ^fascous. 

To  tbi-f  ease  belongs  the  condensation  of  oxygen  gas  by  tlie  combino^ 
tioH  of  oxygen  with  liydn^gen,  Won,  phospbonia,  selenium,  and  metale; 
that  of  chlorine  by  combination  with  phufipliorics,  selenium,  iodine,  and 
metiJi-;  of  acid  gafies  by  animoniacal  g!is  and  ninny  other  Balifiable  biMCp; 
of  all  gases  by  watcrj  slcohM,  nnd  otIi.er  liquids;  of  aqueous  vaponr  hy 
aeiils,  salitiahle  bases,  saltd  and  other  bodies;  of  nleoho]  aud  ether  vapours 
by  water,  oil  of  vitriol,  fat  oil,  or  cnmphor,  &c. 

When  aqueous  vapour  at  100  is  brought  into  contact  with  pulverized 
mlt?,  citric  acid,  hydrate  of  potnalt,  or  sngar,  those  substances  absorb  part 
of  the  water  and  form  a  solution,  iLe  teimporature  of  which  is  several 
degrees  above  100",  and  npproa^hes  very  closely  to  tUo  temperature  nt 
which  the  aqueous  solutions  of  tbe^e  ^iihi^tanrgs  boil  (p,  Tbun  alui 

aicoliol  vnpour  of  83-3°  raises  (be  tenipyraturo  of  ehloridc  of  calcium  to 
99".  (Faraday,  Ann.  Chlw.Phtjs.  20^  320.)  Aipieous  solations  of  acids 
and  Bfilts  enclosed  tojaicther  wSlh  water  in  a  vessel  full  of  (iir  at  the  orili- 
nary  temperature,  absorb  so  much  the  more  vapour  of  water>  aa  tbeir 
boiling  point«  arc  higher:  eoluttona  of  diflerent  tsubstances  whose  boiling 
points  am  the  same  often  absorb  e<|nal  ipiantitics  of  aqueous  vapour. 
(Gi  aham,  Edinf}.  J.  of  Sc.  8,  326.) 

B'mml'fi'f^ X  Empnratiny  Bfcctver.  {Poyg.  IS,  (104.)  A  basin  filled 
with  oil  of  vitriol  is  placed  oit  a  large  glaas  plate,  a  number  of  t'H|i-«biLried 
glasses  arranged  in  the  ba^in,  and  ou  tho  top  of  these  above  the  nil  of 
vitriol  are  placed  dii^lies  containing  llie  liquid  to  bo  evaporated.  A  gla's 
bell  jar  is  inverted  over  the  whole,  and  ke|it  chjse  t"  the  plate  by  Tneana 
uf  grease.  The  evaporation  goes  on  gradually  at  tho  ordinarj  pre^AUre 
and  temperature. 

The  hygrometer  of  De  la  Rive  {Bill.  >niiv.  28,  285)  is  fouudud  oil 
the  different  tlegreca  of  tcmpcrnturc  indicated  by  a  thermometer  exposed 
to  the  air  after  immeri^Lon  in  oil  of  vitriol — the  rific  of  lenipeniture  being 
protliiced  by  the  condensalloii  of  the  auiieouB  vapour  in  the  air,  nnd  vary- 
ing with  the  degree  of  EiuniiJity,    It  lias  however  been  ehown  by  Ga'j- 
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Lmame  (Ann.  dim  Pift.  90.  99)  tint  Ite  dtm^y  of  Oe  ab  Hk«vifi 
Uiflveae««  the  rue  of  teinpent«r«- 

mre  condDctfd  hj  meuu  of  tab«3  twice  b«<tt  at  right  aiwle^  tnM  df 
AmV  or  ntAft  ia  wbicb  tbej  kts  genentoJ,  tkrougfa  a  a^mStr  of  bcttkt, 
Itomt/i^t  BatUa,  w\t\eh  ar«  fiir»uli«il  with  two  or  three  t^wttin^  Tkr 
lunid  iMnUin^  in  th^^e  bottles  abiarha  tht  u  it  enten  ta  liifW 
bsbblet.  To  pivrent  the  lit|nid  from  p— riiij;  b»elc,  th«  tkir4  opMliig  u 
ffltod,  dtber  with  &  stni^bl  lube  open  at  bau  en<la  mmA  dipinMf  ni*  tW 
liqaid,  or  ebe  with  a  Wdur't  Safftg-hAe,  {.  e,  a  tabo  ttriev  htOL  tt' 
hvrmg  is  the  middle  a  hnlb  cont&LniBg  water. 

Deffnu  tif  IneandBKmetj  aeeordiaf  to  PauiUtt, 

535°:  mcipicnt  redoMsj — TOO':  dall  ml:  ^WJf  common ciu^  dhiny- 
red;  aoo*  brighter  cherry-red;  1000' full  cberry-rwi;  1100' JafkydtoviA 
nA,  1200"  briirht  ignitioa;  1300^  wliite  beat;  1400^  Btmag  whl(«  bcMi 
1300  ...  I60(J-  daazliiig  whiee. 


Melting  P/nnU. 


Cartiofiieaad  .. 

Edwf  .... 

Mercury  •  ■ 
OU&ftitriirf  .... 

Broniac  

HydRKf  ntie  leid . 
WMa  


C«b. 

^  6i' 

-  44 

-  4(P-5 

-  25 

-  KO 

-  15 

0 


Psh. 

.  85" 
■  47-2 
40-9 
13 
4 
5 
33 


PboipbortI  .i.* 
PotKssiiim 

T«  

So-iiam  

Iodine   

Solpbar .. ., .. 
Canpbor 


+  *S" 

t-  ss 

+  «7 

*  90 

*-  107 

+  10» 

+  1» 


Fkk. 

♦  nr 

IM-4 

*  Wi 

•  IH 

♦ 

+  an 


Gnjton-Mgrre&a  Wedgwood  & 
(^fiN.  CAm.  90,  Dihon 

236).  ^N.S^I.IM). 


Duicll.  SA»mi. 


Cell. 

DtB.t 

Ctb. 

«7 

247 

239 

CG 

SCO 

i«7 

227 

C3 

220 

i\2 

322 

321 

87 

»40 

3?4 

a 

371 

341 

94 

MO 

A13 

7 

4J2 

620 

1021 

267 

Pouitlet 

1034 

22 

?8 

919 

lOOO 

1207 

27 

27 

1393 

361 

ST 

1381 

ax 

:i2 

1121 

»7U 

IZOO 

130 

Whiu  Cut  Iron.. 

1100 

<Jf?]r  „ 

130 

437 

1210 

1S&0 

MiFij^nt^   

150 

IfiO 

G3l(i 

IftM 

NUkel.  PUtinmn.l 

■bove 

17a 

M 

to 


*  Thgree*  of  Wci3fwood't  pyrometer,  p.  237. 
f  Degree*  u(  Uamcll't  yjtuunclcr,  (i.  'SSG. 
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Sulphuroui  tudi..  ., 
Hjdroditoric  ctber, . 

Nitriceiher  « 

Hy-drocyantc  odd  .. 
Sulphuric  elhtr  ..  ,, 
Sulpliuret  of  cnrboa 

Bronijue  , .  w . 

Alcnliii]  ,,  ,,,,,, 
Hock-Dil  


Boiling  Points. 

~  10' 

+  la 

21 

?G,5 

3rr6Q 

■16-6 

47 

78-41 

65-S 

lOQ 
157 
180 

288 
ZSO 
293 

m 


II.  DiMNGAOEMENT  AND  ADSORPTION  OP  HeAT. 

1.    By  Chtmknl  cliahges  in  Ponderable  jSiihits^nces, 

A.       aiieraiion  of  (he  state  of  A^ffr^fffatioii. 

It  bus  Blrrawiy  been  bLowii  that  tbe  passage  of  a  eolid  body  to  the 
liquid  state,  nud  that  of  A  liauid  or  solid  to  the  gnaeoaft  fitate,  ia  altrays 
ftccmnpanieil  by  iLbsorptioii  of  teat;  and  that  when  theee  auhetaiiccB  are 
brought  back  to  their  furoier  (Kfuclitiun,  the  heat  id  agatn  eat  free. 

B.  Sy   tliA  eomhinaHoii  \>f  PouJvrahle  Budita  one  with  (fa  otJier,  atld 
decompodtion  nf  the  yesuliiiig  Compounds. 

The  ootnbiaation  of  ponderahlio  fiiib^taacea,  with  or  vitliouttlic  dc- 
strnGtion  of  exiEting  couipouodfi,  ie  alwaya  accoDipaiii«d  hj  disen^gage- 
ment  f>r  ataorption  of  heiit. 

The  most  atrikiTig  in^taacca  of  the  Detehpmfni  of  Heat  am  those 
which  aceotiipniiy  the  jirndiictioH  of  light,  as  noticed  on  ptige  181, 
those  ttaniiclj  wlucb  lake  place  m  tbe  combination  of  oxygen  a.nd  ebto- 
rine-  wilb  inetalj  nnd  otber  combiiHtiblie  bodies, — of  broniinor  iodine,  sul- 
phur, and  phocipborite  witb  ycveral  mctala;  likewise  in  tbe  com  Ligation  of 
strong  acida  with  atronj;  mlifiaible  has^s,  and  in  that  of  strong  acidM  and 
Btron^  hAiStea  witli  water, — in  all  oaaos,  that  h  to  say,  in  whith  comblnji- 
tioii  tg  brougbt  about  by  strong  affinitVj  and  m  which  the  conibiaing 
bodies  arc  decidedly  opposite  in  cbemicfll  nature. 

To  determine  the  quantity  <jf  heat  ect  frco  in  corahustion,  ihp  proeGSa 
ie  made  to  go  on  in  a  tipace  anvrounJed  with  water  or  ice,  atid  the  iju&n- 
tity  of  ice  melted,  or  the  rise  of  temperature  in  a  givea  quantity  of  water, 
cbserved. 

In  tho  fallowing  tahle,  Column  A  contains  the  nanus  of  the  comhiw- 
tible  substaDce; — B  its  flynibol  or  formula; — C  the  fonnula  of  tho  com- 
pound produced  during  tho  combustion  j — D  shows  how  (nuny  parts  of 
wafer  are  heated  T'  hy  tho  combiiation  of  1  part  of  tho  combustrblo  body, 
or  the  tiUTuher  of  degrees  by  which  the  temperature  of  1  part  of  water 
would  bo  raised;— E  the  natue  of  the  observer; — F  fihows  bow  many  parte 
of  wat«r  are  bcuLcd  1',  whciii  1  part  of  oxygen  combines  with  the  coju- 
bustihle  substance. — If  we  would  find  Low  many  units  of  beat  are  deve- 
loped hy  tlio  burning  of  1  atom  of  the  combuatiblo  body,  wc  must  multiply 
the  number  in  column  D  bv  the  atoinic  wcij^^ht  of  Ibe  aubi^tance:  eimt- 
larly  by  niulLipIylng  the.  number:!  in  coleimn  F  hy  8,  wo  oblain  tho  quan^ 
tity  of  heat  wldi:h  1  atom  of  oxygen  d«vclopB  iu  combiniag  with  tbe  dif- 
ferent aubstaucoe. 

Cr  deuotefl  Crawford; — Da;  Daltoa; — Dg;  DuloDg; — Di:  Dea^MU'^ 
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Hb:  Hess;— Lv:  Lavoisier; — Rf:  Bumfonl.    When  two  resulU  by 
same  observer  are  given,  (lie  first  is  denoted  hj     the  second  hy  \ 

IT  I  Lave  likewise  iulde<l  the  more  recent  Jetenuioationa  by  Giun 
(Qr),  FftTM  &  Selbermann  {FS),  and  Andrews  (A), 


Hfdrog'eD 


Cirbon 


Cirbanic  aiUe  

PbofphoniB   ■ 

Sulphur    .,  ..• 

AatimoDf  > . . . . 

Zinc  

Till  

Prolaiide  of  Un. 

Iran   

Cotnlt   

Nickel  

Coppw  , 

SabaiiJeaf  copper 

Cjpnogvn  .....I..,,,, 
Marifa  gru  ^  t .... 


B 

C 

D 

E 

F 

H 

li  o 

20624 

TV«a 

iilo/  a 

T  — 

JjT 

oiir* 

£Vf  • 

•tit;  an 

3000 

*J4J 

US 

ur 

4S3I 

iTii 

Joe  u0 

A 

r" 

r  fit 

1 

J  liM 

^1  7  ^ 
O  1  f  3 

^  r 

lUI 

/VIC 

r  n 

f  i  u  ^ 

D« 

IMI 

1  - 

**** 

/VIS 

/J  <4 

A 

r  fa 

Tla 

(CM 

ur 

A 

A 

r  U 

9  inn 

T  V 

a 
& 

1  J  w 

1  \M 

11. 
Ill 

QL"  1 
XJj  1 

lt9U4 

dtAT 

t>n 

oi!1 

11 

1  Jl4 

1  fill 

A 

WW 

otl 

1  CdO 

f*4» 

1 144 

4t3l 

SaO 

as4 

447S 

&al 

A 

P8 

Fc'O* 

]7«2 

Ss 

uta 

2088 

Dx 

iS» 

15  » 

A 

ilU 

Co 

CoO 

lOUO 

»S 

S9U 

Ni 

NiO 

1006 

f  1 

37*1 

Cu 

CuO 

632 

II 

»II 

602 

K 

ON 

Co'O 

2CuO 

244 

»« 

ZIU 

25« 

A 

tm 

CN 

2C0«.N 

M05 

DC 

4MI 

CHI 

637& 

D* 

ItM 

t31«5 

D« 

Gr 

13158 

'  PS 

i3ioa 

*  A 
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A 

B 

c 

■j  

1  v 

IP 

7Z  

CH 

C  0»,  H  0 

GGOO 

Da 

1925 

12430 

U« 

Gr 

2161 

11900 

PS 

3471 

imi 

A 

3183 

iC  0»,  6U  0 

4350 

2084 

6750 

Rf 

3234 

6909 

3311 

fi&6fi 

Gf 

31-16 

71  S3 

Ffi 

3442 

ma 

A 

3282 

C*H'0 

*CO',  &H0 

4  GAP 

Da 

1792 

S02& 

Rr 

2093 

9«I 

Dg 

3S34 

90  Z7 

F  S 

31K0 

C"H*0' 

2CO*,  4HO 

&839 

Gr 

3893 

5304 

PS 

3536 

inCO»  I2H  0 

B959 

11 

3285 

C"H"  O 

lOCO',  IIH  0 

ri 

33S3 

0 

0*,  3H  0 

7320 

3317 

CH 

CO',  HO 

?335 

2139 

C'H* 

5C  O*,  IH  0 

4300 

Da 

1339 

10196 

Gi 

3187 

10874 

PS 

3301 

C"H" 

10643 

3X37 

■  r 

C"  H'O 

IO0A9 

3337 

IOC  0*.  8H  O 

525D 

Db 

1B47 

66Ti 

Cr 

7800 

Di 

904S 

Rf 

M62 

Dg 

11100 

L» 

9300 

Rf 

7400 

Da 

9,170 

Ki 

7373 

Cr 

;aoo 

Da 

9472 

Rf 

9'J7a 

L? 

2105 

Db 

2470 

Rf 

4i7b 

. .  e  S2S 

t-i 
11 

1200 

..1725 

" 

The  quantities  of  teat  furoisheil  hy  ntlier  kinds  of  wood  »ra  inter- 
luodiate  betweon  tbose  yielded  by  onk  and  elm.  (Humfotd.)  [For  more 
on  this  matter,  vid,  WooJn  Fi(ire,'\  Ono  part  of  oiynjen  ptoaucee  with 
pliMplioriiSf  zinc,  or  tin  5323  unita  of  lieat,  thft  aume  quantity  thcrfcforo 
;ia  with  ifqii,  ainl  lA  times  as  much  a&  with  carbnu.  The  quantity  of  heat 
evolved  hy  charcoal  durlug  Ha  conihuation  is  the  saino  under  wbatevflP 
[.ressure  the  oxygtn  eas  may  exist.  Siiice  tho  volumo  of  cnrhonic  acid 
g7V3  proJuc*d  ia  equal  to  tiifit  of  tho  oxygon  conyumcd,  it  follows  that 
oxygen  giis  and  cnrhonic  acid  gaa  muat  contain  the  same  absolute  quan- 
tity of  heat.  In  the  eombuBtiou  of  ni'dals.  »>n  the  other  hand,  in  which 
oxygen  fliiflern  condennatiou,  thii  qnantity  of  heat  niuet  be  grtfatcr  ne  tho 
preri*ure  to  whicii  tho  gna  ia  BubjHcted  ie  Icae.  (Ann^  C/cim.  Fkyf,  37,  IBO 
nml  ia2;  also  Po'jg,  12,  519  and  520.)    Dulong's  determination  of  the 
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([uanfiiy  of  lioat  dovRlopoil  In  tho  combiwlion  of  i^ttjoiilc  oxitle  it  linnU- 
Icss  ttm  liigli  ;  if  it  wcro  correct,  wo  sltoiiM  lio  oI>Iig&l  to  miinjt,  wital  m 
hlglilj  improhable,  tlmt  carljoii  ■w-imM  <i(^veloj)P  mucli  lc*9  heat  in  Cfm- 
biuing  B-ilh  tlte  first  atom  nf  oKygtn  than  with  the  seoond. 

According  to  the  approximate  rcsnlta  of  Davy  (ScAf.  20,  1 4.3),  ihfl 
other  liand,  n  given  quantity  of  oTtygciij  whi{;Ii,  in  coinhiniiip:  with  rarlwif 
evcilvcs  II.  quantity  of  beat  =1,  gives  out  1'12  in.  comUiiiing  with  not- 
plmrotted  hydrogon  ga3.  1'6  with  olefliint  ga^,  ami  4  3  with  hydrojcen. 
At  all  ovents,  the  law  enuumtcd  hy  Wcltor  {Ann,  Chim.  Ph^g.  19.  425; 
27,  223),  viz,  that  any  given  quantity  of  ojygen  evolve-"  the  samu  qiun- 
tity  of  heat,  with  wbatever  {lomhustiMe  body  it  may  comhtq©— ia  it 
prewnt  very  doubtful.  It  would  ratber  appesir  from  a  comparison  o.f  Ibff 
itunibera  in  t'oluinn  P,  that  oicygen  develajjHS  a  greater  (juaatity  of  bc»t, 
the  strongTjr  its  aflinity  for  tho  corabastiblo  substaucf. 

TT  The  followlnp  table  gives  tbe  quantitips  of  boat  evolved  in  tbc 
combination  of  diHerent  aubataucea  with  cblurioe.  (Aodrews,  JPhH.  Mug. 
J,  32,  4'2(j,)  Tho  reaulta  are  expresseil  as  in  tlig  preceding  table,  the 
nnmbora  in  coIuuid  A  referring  to  tlio  coinhinatioa  <if  a  unit  of  weight  uf 
the  several  substances  in  tbe  left  baud  columa,  and  those  in  column  B  tu 
the  combiuatiou  of  a  unit  of  wei;;bt  of  cbloriue. 


Tin   

ADtinuiaj  

Arsetiic , . , ,  , 

Mercury  

PliOepUorus  . ,  

Zinc  

Copper  

■  run  

By  comparing  tha  numbers  in  colunan  A  witii  thp  corre»i»onilinj; 
numbers  in  culiiinn  D  of  the  former  liible  (pp.  2112,  203),  it  will  Iw  eeeo  Hull 
the  boat  evolved  in  tb&  combination  of  &  nubstanc^  with  rhiurino  is  in 
some  ca^ee  greAtcr  and  in  otiiers  loss  than  in  tbo  cumbiaatioitL  of  lti« 
eame  ^uhHtanco  with  oxygen.  H. 

Dei<ei<if)m«nl  of  Ilmt  in  the  CovilinaCton  of  Ccmpanwl  B*>difa  (aooonl- 
ing  to  Hess). — The  Uodios  nro  berc  compared  according  to  tbeir  atoouQ 
weig-hta.  When  it  is  «aiil  that  o-uo  atom  of  ^nlphtiriv  avid,  in  combiiiiu 
with  cxcesa*  uf  water,  produceti  20202  units  of  beat,  it  i«  to  be  unde-retow 
that  ^0  parts  of  eulpliuriic  acid  (=  I  atom)  derelopo  in  tlii^  combiuatioa  » 
quantity  of  heat  eaffictent  to  raise  the  letiipcttitHPo  of  20202  part«  of 
vtaXar  by  I',  or  that  of  1  part  of  water  by  20202°. 

If  ono  atom  of  aniiyilroua  Bnlpliurio  oeid  comhinea  lirat  with  I  At 
water,  Lljen  witli  1  more  atom,  and  to  on,  the  qnanttties  of  hsat  prtiduoAcl 
ar«  a<  followai 

Unitj  of 

SO'  pvtawitli  II  Hi    12).T2  =  8  .  1,V51 

M  o.  s  o      „       H  II:    .una  =  2  .  ijsi 

3IH  O,  N  O'  ..  H  O:  liS4  =  I  .  |»| 
»H  0,  8  O*       „       .Hi  Oi  3  I  .  I&SI 

6H  O,  SO'       „         H  ():      \bh<  =  I  .  Ii54 


A 

B 

2453 

iti:g 

897 

707 

SGO 

704 

S2a 

3422  } 

607 

1529 

1427 

8^9 

1745 

921 

oT  Witrr, 
20202  =  13  .  |U4 
7m  =    6  .  ISM 
46AS  -    S  .  IkU 

a,m  «  a. IH4 


U0202  =13  ,  1531 

*  i.  *.,  tritb  lucli  a  c|uanlil]r  of  ■«tvr  thmi  wy  furtlii^f  ftJJltioo  wouM  pmJncw  i>o 

men  dn«lopc[urnt  yl  brar. 


If  tlieso  J5.T4  unite  of  lieat  bo  called  an  ecjuiralent  of  Leat,  it  will  hp 
Been  from  ihi?  that  euljiburic  aciil,  in  conibiniag  with  water,  evolvca  l.;J 
such  eqiiivalBntH,  8  m  iimtipg  witli  the  first  atom  vf  water,  2  witli  tie 

tirecciDil,  &c. 
I  atom  of  hyJrocEiloTJc  acid  (=  3Q  4  patta)  in  the  fgrm  of  aqueous 
ItydmcLloric  aciJ  of  1'125  ep.  gr.  (in  which  it  is  already  combinud  with 
12  atoms  of  water)  evolvea  32a3  unita  of  Jieat  when  mixed  with  woro 
■rater 
One  at*in  of  uitric  acid  {54  parts)  developeftthe  following  quaptities  of 
heat,  actfnrdiitg  to  the  <)iiaiitity  of  water  which  it  previoui^ly  livld$  in 
mjiubinaliun. 
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H  O,  K  O*  with  H  O: 


2H  O,  N 
3H  o,  y  0' 
DH  O,  N  O' 
fiH  O,  N 
81)  O,  N  CM 


H  O: 
2H  0: 

II 
2H  O: 


1554 

111 
J77 
165-t 


Heat. 
I 
1 
I 
i 
I 
1 


1554 

1554 
1A54 
1554 


nierofore  with  excean 
of  Water. 
7770  ^  4  .  15.14 
6218  =  4  . 1551 
46fi2  =  3 .  1304 
aiOB  =  2  .  1554 
2331  =  14  .  15^4 

1554  =  uia^i 


1770  =  5  .  1554 


H  0,  NO^devclopes  therefore,  oti  the  whole,  much  heat  in  combiniDg- 
riUi  water  sa  HO,  SO*  does,  and  tha  heat-crjuivalent  iw  the  ia.me  for 
Dth ;  difletences  are  however  met  with  in  individual  instAiiiics. 

One  atom  of  well  fused  hydrate  of  potash  (4T'2  potash  +  9  water) 
jpvEB  with  exce&a  of  water  12fl20  iinita  of  beat. — 1  atom  of  well  burnt 
inie  (28-5  parts)  yields  6.121). 

With  excess  of  dilute  ammonia,  potash,  or  soda,  or  with  lime  filaUed 
rith  excese  of  water,  1  atom  of  sulphiirio  acid  pives  the  following  units 
*  beat  according  to  tbe  <iiiantity  of  water  previoiaaly  flotribined  with  it  r 


H  O,  S  O'; 
211  O,  S  0'; 
3H  O.  S  O". 
6H  O,  S  O': 


AminoniA. 

■2:1m  II 

191120 

I7a4fi 


Potuli . 

2,'!R8fi 

17720 


ScmId.. 
24S48 


17896 


Lime. 
19568 


The  greater  therefore  the  (|Hantity  of  beat  which  th&  eulpburic  tLoid 
biM  alroaily  evolved  in  combining  with  water,  the  less  does  it  give  out 
[wbeu  satuDLt^d  with  amnionia.     If  to  tliQ  2>'i840  units  of  beat  which 
IHO,  SO^  givm  with  ammonia,  there  ho  added  the  12432  whieh  SO* 
ives  with  water,  the  result  is  3G272  tot  the  Gum  of  tha  utiilA  of  heat 
rhich  Would  be  dcVL-loped  in  the  combinntion  of  1  atom  of  nnhydroua 
ilphuric  iiKiil  with  ftfjueous  eolution  of  aninjonhi.    If  from  the  heat  which 
II  O,  S  O"*  devolopf  H  in  oonibining  with  aijueoue  aiunionin  there  he  deducted 
that  whiiih  it  would  devclopc  in  combining  with  water  alone,  the  re- 
mainder (23840  —  7770^  will  bo  the  beat  wbii;h  la  set  free  on  the  further 
swldition  of  nnimoiiia,  via.  10070.    Siniilurly  for  the  other  alkalis.  Ac- 
[oordiny  to  this,  1  atom  of  aulpburic  acid  evolves  the  eaine  quantity  of 
itt  whetlier  it  conibineB  with  ammonia,  potash,  or  soda;  the  more 
erful  development  of  boat  in  the  case  of  lime  i*  perhaps  due  to  tha 
oombiiiation  of  water  with  tbo  sulphate  it  3ime  produced.    One  atojn  of 
dry  fiul^ibate  of  linio  immersed  in  water  develofn-s  HiSO  unita  of  beat;  this 
deducted  from  23040  leaves  23i}t)0,  as  much  therefore  aa  for  tlie  other 
alkalis. 

One  at<im  of  aqaeoas  bydrocbloric  arid  of  I -125  ep.  gr.  (containing 
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If 


Tlie  heat  developed  in  tbese  combinEttlone,  eome  of  which  most  be 

re^rtlt;d  as  coTubuslioii^,  may  proceed  from  fuur  distinct  source^- 

{a  )  From  tlio  ispc<rili«  hpiit  uf  the  I'cinipuunJ  hv'ws  less  thau  ttie  me»n 

of  till!  s]>ei;ifi<:  lients  r^f  tllP  cutfif^iHiilig  eubsUmces  (Crawford),     lu  tnuat 

Cftses,   liowcver,  tlie  atoma  of  simple  auLatttnc^s  rptain  llicir  orij^inal 

specific  hcftt  when  they  enter  into  coml»i nation  (pj).  24H  .  ^.'il).    In  other 

(aaes,  on  the  contrary,  couibination  is  mtletideil  witL  an  actual  increase  of 

specific  licat,  so  that  the  Msult  would  he  a  produoCion  of  cold,  if  beat 

were  not  dc'v>'lo|)i!il  from  atmic  "Llier  ciiUac. 

Thus,  lib,  of  hydrogen  yae  of  3'2!)3  specific  lieat  eonihine;?,  under  tho 

most  violent  evolution  of  Ucat^  with  Klb.  of  oiygen  of  specific  beat 

producing  91b.  of  water  of  ^^lecific  heat  I'OOO, — whercaa  calciilacioii  gives 

/'3-293  +  S .  0  236^  ,  , 

I  g  ^  1  =  O'StB  ae  the  mean  of  the  two  epecmc  h«Lt«, 

then  water  had  a  specific  heat  =  0-57(1,  the  quantity  of  sensible  heat  in 
hydrogen  atid  oxygen  i^aaes  together  would  be  exactly  suSicieht  to  bfillg 
tlio  water  AiriiicJ  to  the  eame  lempemttirc  as  tbat  tif  the  f^aees  tbcuiselvcs : 
but  since  the  actual  fipecific  heat  of  water  is  1  000,  the  quantity  of  sen- 
Hihle  heat  in  the  giws  id  not  sufficient  for  this  piirpoae;  and  if  heat  were 
Hot  developed  from  some  other  eauee  durin;,'  the  conibiuatlon  of  osycjen 
and  hydrogeu,  the  wnter  produced  would  he  much  colder  than  the  two 
ga<ws  Ifefiiro  conibiniitioTS. 

4>.  The  heiil  df  veloped  may  arise  from  separated  heat  of  Hnidity,  if, 
during  tlic  eociihiiialion,  ^seoiis  or  lit^iiid  ^iihstanee^  puffts  to  1  lie  liquid 
or  solid  state.  This  liowovor  w,  111  not  account  satisfactorily  foe  the  more 
jutenso  evolutions  of  beat  in  ctunluation^  und  otiier  combinatiotiii :  for  tbe 
latent  heat  of  gases  aiidli<]uida  is  small  in  comparison  with  ench  d^vv- 
lupm^nts  of  beat-  Morcuver,  in  many  inetftuces  tbo  combination  is  not 
attended  with  condensation;  e.  >/.  in  the  combufitiou  of  charcoal  and 
bulphnr  En  oxygen  g;is,  and  of  hydm^fen  in  ■ihlnrinc  gaa;  or  figain, 
£Jiseou8  product*  are  formed  from  solid  budles,  ffrent  bent  being  at  tbs 
same  time  evolved,  aa  in  the  cxpHoaion  of  nitre  with  ehsitcoal,  &c. 

c.  The  beat  evolved  may  bo  a  kiud  of  beat  different  from  heat  of 
fluidity,  producing  no  parti^-ular  state  of  aggregation,  but  existing  in  a 
ttate  of  more  intimate  chemical  combination  with  the  pondernkle  utatterj 
and  set  free  when  one  ponderable  subatnuce  combines,  with  »nothtir. 

d.  The  heat  is  formed  at  the  moment  of  combination  by  the  union  of  the 
positive  electricity  of  the  one  body  with  llie  neirative  electrieity  oftbo  utbcr. 

Eitber  tlio  cause  adduced  under  e,  or  iimt  in  (/,  or  both  together,  iiuiat 
be  itdniitlcd,  In  order  to  explain  the  development  of  heat  whicL  acconi- 
,     paiiies  the  combination  of  ponderable  bodies.    (See  the  observations  on 
l^the  Theovff  of  Comhtttinn  under  the  head  of  Oxift/fn.) 

C''hl  U  prixhiced  {I)  Principally  iu  flome  of  tbose  chemical  combiiift- 
^^ttutis  ill  udijch  solid  Iwidica.  pass  to  tbe  [ii|U)d  Ktato,— comb i nations  w  hich 
f     are  brought  iibnut  by  feeble  Hffinjties,  the  ijuantity  uf  heat  developed 
beitiji  pnibably  Far  from  Hufliciotit  to  render  the  diseolvinf;  boily  liiiuid,  so 
'      that  more  heat  muat  be  nlisorbcd  and  rendered  lali'nt  to-  snpply  heat  of 
fluidity:  e.      in  tbe  solution  of  varioti.'!  mlts  iu  witer  ami  dilnle  acids, 
and  more  especrdlty  on  niixia^  theee  Balls,  ay  well  as  certain  acid?,  crys- 
tallized potasb,  or  aleobol,  wilb  ico  or  snow, — tbouL'h  the  eaiiio  subaEsnccH, 
wbeu  inixcLl  with  water,  evolve  beat.    (Freezing  Mijclitm.) 

Such  of  tliese  eubstane^s  coutain  water  of  eryetallization  muat  not 
bo  deprived  of  it;  otlierwiBe;,  when  mixcil  wUh  water,  thoy  will  ^rod.a«;« 


heat  iuGteail  of  cold.— Tlie  more  finely  the  KuWtaOces  are  puj rerixlvl,  Iba 
tnure  quickly  they  are  mixed,  thd  larger  their  (ja&Dtity,  kud  the 
the  condacting  power  of  the  coDtaibiag  vesseU,  the  gt&tt^r  will  be 
degree  of  xiold  pmlnced. — To  produce  the  greatest  possible  d^ree  of 
tbe  aubsU-nces  of  wLidi  the  freenng  mixture  ia  to  be  made  *n  :~ 
Wore  miiing,  in  aoolher  frecEing  miiture.— With  respect  to  thm  mttltr, 
it  must  be  (ibejerveil  that  a  eolation  of  codiiuod  salt  in  water  is  compltMis 
Teeolved  at  — iO''  into  ice  and  cryslallized  mlta;  tberef''>re,  CAnatncmMU 
and  snow  cooled  to  this  point  no  longer  tict  on  oae  anotlier;  wfaenM  witk 
chloride  of  cakintn  and  enow  the  corre^ondiug  point  U  as  low  u  —  tO*, 
and  with  sulphuric  acid  und  euqw  much  lower;  eo  Uiat  this  mixtan^ 
when  the  ingredients  have  heeti  properly  cuuledf  la  capable  of  p^odad^f 
tUo  most  intense  degree  of  coliL  (Mnrray,) 

One  part  of  water,  in  diesotving  1  patt  of  nitrate  of  onuDoaia,  pro- 
duces a  lon'oriug  of  temperature  from  +  10^  to  —  13*5°;  with  ^  ol- 
ammt^niac  and  ^  nitre,  from  -f  10°  (o  12";  with  I  part  of  nilratcrf 
ammoiiia  and  1  jwrt  of  c«rl>onBte  of  gods,  from  +  10^  to  —  l^'S";  with 
0'3  ml-amnioniac,  01  nitre,  and.  0-6  chloride  of  calcium,  from  +  25*  to 
—  with  sal-amtnouiac,  ^  nitre,  and  ^  Glauhwr'e  ea)t,  (rvn\  +  lO* 
to  —  15*5^;  1  part  of  water  likewise  pniduces  a  considersble  >t^^re«  of 
Cold  with  7  sfLl-animoaiac,  |  oitre,  and  ^  Qlauher'a  saXt;  nt  with  ^ 
ammoniac,  J-g  nitre,  and  ^  Glauber's  salt.  (Walker.) 

By  diasolring  1  ptLtt  of  a  salt  in  4  parts  of  water,  tbe  following  n- 
diictions  of  temperature  are  obtained:  Bal-arnnionia«  1519";  nitT%te  <^ 
ammrhnla  14'!';  eulphato  of  potash  2*0°;  chloride  of  potauium  II  KI'; 
nitre  IQ-G";  Glauhcr'a  salt  8'!°;  commoTi  salt  2-1*;  nitrate  of  aoda  9  *«', 
chloride  of  barium  i:"*^;  nitrate  of  baryta  S-l";  sulphate  of  ai;i_,  - 
4-5';  aalphate  of  «inc  3'l*j  nitrate  of  lead  Biilphato  of  copji-M  _  . 
— If  1  part  of  a  eiilt  be  disBolvod  in  4  parts  of  a  saluratod  solutiua 
another  salt,  the  following  degri^es  of  culd  fire  pnxluccd:  sal -ammonite  ii 
iKilutioEi  of  comnKin  salt  ^A";  in  soliitiom  of  nitre  — nitra  in  aolu- 
tioii  of  sal-ammoniac  d'T'S';  in  eolution  of  common  ealt  9'4';  ofnitraiAt^ 
Boda  T  Off"  ;  of  nitrate  of  baryta  S*75'  ;  of  nitrate  of  lead  9-5^; — Olaab«r"i 
enlt  iu  solution  of  common  salt  i  'y; — common  salt  in  eulution  of  nl- 
pbato  of  copper  4*1°;  nitrate  of  eoda  in  Eolution  of  taKaminoatac 
of  uitro  9'2";  of  commou  ealt  7'81-;  of  chloride  of  barium  2-75  ;  of  nilrau 
pf  lea<l  8'; — nitrate  gf  baryta  in  aolution  of  nitre  0-75~i — sulphate  aT  linc 
in  solution  of  Biilphate  of  putiijjh  I'To'j — eulpUute  of  copper  io  aolulioa  nf 
vuminou  salt  4  [I'.-— The  following  Baits,  on  the  contrary,  produce  rix  ol 
temiH-rature:  common  Halt  in  tiulutton  of  eat-amtnontac  i  Sti';  in  cvlntiea 
of  Glauber's  gait  l  i^";  of  nitre  0'75°;  of  nitrnte  of  eoiU  3  8"";— cUnBidt 
r>f  barium  in  solution  of  nitrate  of  aoda  0*64^  (Karaton,  ^tAr^/ttm  ^ 
lierh  Akad.  1841.) 

Three  partji  cif  crj'etalHii^d  neutral  carbonate  of  soda  disBolTed  in  lOwti 
of  water  produce  a  lowering  of  tpmperatore  aniomiitng  to  tt'!>^,  w|iU«t  t 
parts  of  the  ennie  enlt  in  the  anhjdruua  ^tate  dismilved  in  lf>  part* 
water  cause  a  riHC  of  temperature  of  12-2^ — ^  parts  nf  ery6tulJig«d  UU»- 
bcr'a  salt  with  10  parts  of  water  produce  a  fall  of  fi'T'j  on  ihc  cuntnt^, 

Z  parts  of  dry  GliiubtT's  suit  with  10  part^  of  water  enuBe  n  rt&e  of  2  2',  } 

pfl.rt«  of  I'ryatHlliKf'i  fiiilpliiitE!  of  niHgnet-in  with  lU  parta  uf  wator  prodm 
a  fall  of  3  1';  and  3  partH  of  fryntullizod  protc)«ulphat«  of  irikn  wiik  It 
pnrt^  of  wnlvr  iilso  pHHlucc  a  fall  of  toni]>era(ure  amuuiitiiig  to  ^  V- 
(Thomson,  Ktmrdt  uf  Ocn.  Sc.  ]836,  July;  also  HM.  uucv.  J5,  182;  aU 
^.pr.  CAfln.  13,  175.) 
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One  part  of  a  niiitura  of  50  parte  of  oil  of  vitriol  and  55  water,  mixed 
wilh  I]  parts  &f  Gltiubei-'s  sail,  coiole  frum  -f  lO"'  tf>  —8". — One  part  of 
dilnk*  hydrochloric  iwrd  with  )^  Glaiilrtr'n  aatt,  from  +  10^  to  -  17  8^ 
■ — 1  part  of  dilute  nitrio  acid  gives  iho  following  rfductioita  of  toinp«ra- 
iure:  with  1  Bal-aninioiii!ic,  j  nitre,  Ij  CilnuWe.  salt,  from  +  10"  tft 
—  li^'j— with  1|  iiitrate  of  amuionia  and  2{  phos[ihato  of  aoda,  from 
+  10"  to  —  G'i  with  21  pliospliute  of  soila,  from  +  10"  to  —  11°;— aud 
with  U  Glaul.ere  salt,  fiuni  +  H)'  to  —  Hi'.  (Walfccr.) 

Couk'd  TiiixtiireB  of  nil  of  vitriol  and  water  in  diflcrent  proportiona 
^ive  with  Glaiiljcr-e  enlt,  afnording  to  Biachof  and  WoUner  {ScKio,  5i, 
y71),  the  following  eeditctiotia  of  teinpi^rature. 


Oil  of  vitriol. 

Witter. 

□laab.  a&Lt. 

500 

2118 

2:.o 

m 

300 

»go 

26  25 

500 

1040 

s;  au 

b&Q 

lis 

11. 'lO 

26-75 

SM 

1000 

AOO 

1230 

2i-37 

&0Q 

ejb 

140(1 

19  Ofi 

750 

15SD 

18-41 

Six  partfl  of  oil  of  vitriol  proilune  heat  with  R  parts  of  snow,  neither 
heat  nor  cold  with  8  parte,  and  mtont^e  rold  with  a  larger  quantity  of 
snow.    (jSTdskiotii.  1,  2,  87.) 

Cheap  freezing  inlstnreB  for  producing  ice  in  summer,  witli  deeci-iptiuo 
of  the  iippaiatiLs;  4  parts  of  a  cooled  nilxtaro  of  50  oil  of  ritriol  and  .^,9 
water,  with  5  part*  of  Glaubcr'a  salt,  or  f  parts  of  hydrochloric  acid  of 
15°  B.  witli  14  parts  of  Glaciher'g  salt,  (Decpuriloraanclie,  J,  Phai-m,  IJ, 
584^  also  N.  Tr.  14,  2,  249.) — 12  parts  uf  a  luixtLire  of  3  wi]  of  vitriol 
atid  2  water  with  17'5  part*  of  OlauberV  salt.  (Malapert,  J.  Fh'trtn.  2], 
221;  also  Ann.  P/iurm.  18,  348.) — 3  parts  of  u  mixture  of  7  oil  of  vitriol 
and^  water  with  4  parts  of  Glauber's  salt.   (Boutigtiy,  J.  CAlm.  Meif.  10, 

Ooa  part  of  mow  or  ponndcd  ice  produces  the  following  degrees  of 
cold:  with  \  dilute  Eulpliunc  a*id  (4  oil  of  ritriol  and  1  water)  front  0^ 
to  —  OS*.!"; — with  1  dilute  milpburic  acid  frntu  —  7"  to  —  51".  (I  have 
iilgo  ohtainoil  a  conaidcrable  tlegrae  of  cold  l»y  mixing  the  crystallized 
compound  of  43  oil  of  vitriol  and  O  water  with  snow); — with  ^  dilute 
iiitrio  acid,  from  —  2-T  to  —  49°; — with  1  dilute  nitric  acid,  from  —  17 -S' 
to  43"^; — with  1^  crystallized  pot^ish,  frO'Ui  0°  to  —  28"; — with  ^  common 
sail,  from  17  8"  to  —  20-5''; — with  1  comuion  salt,  fmni  0'  to  —  IT'S"; — 
with        coTuwoTi  salt  aud       uitnite  of  luuniouiu,  from  —  271^^  tu 

—  317°;— with  ^  chloride  of  eakium,  from  —  9^  to  42*5^;— with  \  \  chlo- 
ride of  calcium,  from  0°  to  —  40°; — with  1^  chloride  of  calcium,  from  0* 
to  —  27"8°j  and  from  —  7^  to  —  47°; — with  2  chloride  of  calcium,  from 

—  17-8''  to  54-4°,  and  with  3  chloride  of  calcium,  from  —  4*1"  to  —  58°; 
and,  scoording  to  Trallcs  (Gilh,  38,  3fi5),  with  absolute  alcohol,  from  0°  to 

—  36-9',  with  liighly  rectified  spirit  from,  0°  to  —  30'='. 

Orioli  (Attov.  CoKez.  di  Op.  sSrienC.  1823,  104;  alao  Fersaiae  Bull  dct 
Sc.  Math.  Phyt.  et  Chim.  1825,  117)  (ilttainmJ,  on  mixing  solid  amalgam 
of  leaii  with  solid  amalgam  of  bismuth — the  two  Buhfitaneca  at  the  aame 
time  bocoming  liquid — a  rednotion  of  temperature  nmonnting  to  22''. 
According  to  Diiberciuer  {Schw.  42,  1S2;  aleo  Kastn.  Arch,  3,  00),  204 
parts  of  lead^malgam  (conaisting  of  103  lead  and  101  mercury)  mixed 


30O 


HEAT. 


with  T72  bieroiitli-nmalgaiii  {11  bieraulb  +  101  morcury) 
+  20^  to  —1°;  if  to  (liis  mixtmc  tliere  be  also  a(lilBil502  parts  of  lueiw 
tie  temperature  fall*  to  — S".    M'licti  n.  finely -divide  J  mixture  of  50  ti 
103  5  lead,  and  182  bianiuth  is  dissolTed  in  608  p*rta  of  mercury,  lbs 
tenipcraturc  fiilU  from  +  17'5°  to  — 10". 

2,  TEiG  nusture  of  liqiiidg  is  in  some  few  instances  attended  with  re- 
■Inction  of  (cmijeratnre,  condenaation  taking  place  at  ttio  eaia*^  time, 
Tliis  effect  \»  perliapa  due  to  the  greater  enecittc  heat  of  the  miitopc^ — 
Thus,  on  mixinp  44  parta  of  a  concontrated  iiqueoiiG  Bolation  of  nitnto  of 
amTTiania,  hjj,  gr.  =  1"302,  with  34  parts  of  witter  at  16"  C.  the  tempfi- 
raturo  falls  5',  and  the  mixture  haa  a  Bpecific  gravity  of  1'159,  the 
uieuu  ep.  gr,  hetug  1  '1 51 ,  Similar  effects  are  produced  on  mixing  eererel 
other  aaline  solutiuns  with  water;;  but  tlio  rcdnetion  of  tempemtim 
sotr  so  great. 

With  the  Bame  tjiiantlty  of  water,  a  saturated  solution  of  cbloridie 
potawiuTii  gives  r  reduetion  of  temiiemtare  of  O'TS";  that  of  common 
of  0'56°-    A  suturnted  qolutioa  pf  nitre  gives  with  a  s&turiLtcd  mlutiob 
of  nitrnte  of  soda  a  rise  of  0'06°;  but  an  equal  weight  of  water  added  l« 
this  niixtare  prodiices  a  fall  of  Saturated  eolutious  of  the  foUow- 

ii(g  salt*  produL-e,  when  mixed  in  equal  quantities,  the  following  degrwf* 
of  cold:  eal-animoiiiftc  and  nitre  0G2;  eiilphate  of  potash  and  nitre  0'44' 
chl^iKde  of  barium  and  eulpiiato  of  zinc  (aCCompiLnied  by  Jirccipitali 
2';  pabiimmoniao  with  excess  of  eulphate  of  copper  I  G", — whereas  wh 
the  sal-ammoniac  ia  in  exccaa,  a.  rise  of  1-fl^  takes  p1nce<  (KaKlo 
{Sckri/ten  d.  lierf.  Akad.  IHil.) 

a.  Development  and  Absorption  of  Heatfram  Me^anicat  Catt»et. 

A.  Deivlopiaent  of  Heat  accompanyiti^  Adhfrnn-Phentmeaa^ 

When  any  li^jtiid  substance  penetrates  finely  divided  bodies  hy  cap 
lary  attraction,  no  chemical  combination  taking  jjlnee  between  the  twu, 
riiso  of  tenipcniture  take*  pliKe,  aiuouuting  in  tbc  c*ae  of  iaorganio  BO^ 
bodies  to  between  \  and  \°,  but  with  organic  bodies — probtibly  hear 
tlicy  arc  more  porous  and  therefore  present  a  larger  surfaco — to  bolweca 
1°  and  10',  (Pouillet,) 

Pouillet's  experiments  wore  niarle  with  water,  alcohol,  acetic  ether,  and 
oils;  llie  solid  inorganic  bodies  into  which  lie  caused  these  li)|utda  to 
penetrate  wero  tlie  filings  of  different  metals,  the  powders  of  ^ulplmr, 
glass,  porcelain  clay,  various  eartlUf  and  heavy  melftUic  oxides;  and 
urgniiic!  fiiibsljuicef;,  charcoal,  wood-shavings,  cotton,  paper,  root*,  hci 
flour,  hair,  wool,  animal  ektiiB,  &c.    The  developuient  of  heat  from 
caufie  has  been  confirmed  by  Kegnaiill.    {Ann.  C'/iim.  Phtt.  7fi,  133.) 
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B.  DeotlopmetU  of  Ileat,  ptvttaeed  by  Mecitaytietd  Alteration  of  Dmtitjf, 

Every  nieeliaiiical  comprcsaiou  or  condensation  of  a  boily,  oven  if  it 
does  rot  produce  a  chuTigc  in  the  elite  of  aggregation,  is  iaieiidod  witli 
evolution  of  licat;  every  expansion  of  the  bmly.  on  thecontnirv,  tbon 
unattended  with  actual  cbaiigc  of  ugjzrcgation,  pivi-a  riso  (o  absii>rption 
lii.'nl,  TIio  developniunt  of  heat  by  compression  la  probably  due  chic 
Iti  diminution  of  specific  boat  in  couseijucneo  of  increase  of  derjsily; 
absorjitiun  of  heat  hy  pxjimjsion  ty  inenjaeed  cnpncily  for  iKat. — nad 
more  no,  flirice  the  development  of  heat  is  greater  in  |»ropQrti«ii 
degree  of  condensation. 
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Air  wlicii  siiildcaly  compressed  evolvoa  a  codsjderiiljlc  degree  <>f  heat, 
BufliL-icnt  tit  iguitfl  Genuan  tipdw  {Fire-ss/nngt),  Acconliog  to  Tlie  inrd, 
L-(jinw.  Chim.  Phys.  44,  ISIj  bJso  i'ogg,  19,  442)  paper,  oi]*;d  papei',  and 
^  W{>od  may  ftlso  be  Igniled  W  HiiJdcn  corapregaion  iu  yxygen  gaSj  and.' 
.oiled  paiicr  in  clilorine  gasj  also  fuliumating  silver  ui.iy  to  tiiade  tu  dcLo- 
nate  in  liydrogon,  nitrogtiii,  or  (urboiiic  acid  gna,  —  Tbe  gtoat  reduction 
of  tcmpoi'fttiiro  wliicL  talcos  jjlacc  in  air  und«r  tlie  receiver  of  llic  jilr- 
pamp  on  siuHen  cxjiansion  may  bo  fitrikingly  glton-n  by  moans  of  tlio 
dclicnte  tlieraioaeopo  of  Brcgiiet.— Liiiiiids,  wliicHi  are  but  eligbtly  coni- 
preasible,  evolve  but  littlu  b(?at  when  subfoetcd  to  preaaiire,  Uiidor  a 
pre^aiire  of  40  atnioaphcrca,  water  GsEjiliits  ectircely  any  riao  of  leuippra- 
ture,  alcohol  only  1",  and  etber  4^  or  5*.  (Collinlon  &  Sturm,  7V/^.  12, 
Ifil.) — MeUls  become  hot  and  even  red-hot  by  ha.minerlng',  their  density 
at  the  sumo  time  InerDnsiag.  In  tbo  stamping  of  coin,  tbo  development 
of  lieat  produced  W  the  first  blow  is  g^roater  tlian  that  produced  by  tlie 
second  or  third:  the  increase  of  deiisity  la  \WawisQ  g^rentcst  at  llio  first 
blow.  Copper  coins  bocomG  more  bGatol  iban  silver,  and  eilvcr  timn 
gold;  the  Specific  pinvlty  also  increases  most  in  tho  copper  and  least  in 
the  gold.  (Berthollct,  Hctct,  Biot.)  In  tbe  boring  of  canuon  with  iron 
borora  great  heat  i.^  evoilved,  wbctber  tbc  operation  be  performed  in  ordi- 
nary air,  nreficd  air,  or  wattir.  (Rumford,)  When  an  iron  rod  la  broken 
by  Hanging  wcigbtB  to  it,  it  lengthens  conaiderAbly  before  breaking  and 
becomes  very  hot.  (Barlow,  Ann.  Phil.  10,  31 1.)  An  alloy  of  1  part  of 
iron  and  2  of  antimony  cmitd  eparfcs  when  filed.  (Beci[iiepel.)  On  a  re- 
Totving  grinflstono  7^  feet  in  diameter  au  iron  nail  becomes  whrte-liot  in 
^  minatc,  braea  red-hot  in  ^  minute;  a  gl,iss  tube  becomes  red-hot,  luclta 
and  fliea  off.  (Heionch.)  Agato  rubbed  on  the  sanio  grindstone  give?  o(f 
sparks  "whicfi  travel  with  the  grindstone  for  a  little  dietance — the  aeal« 
ulso  becomes  bi-ightly  rcd-bof.  The  ylowiog  fragments  wtich  fly  oJCfrom 
glasA  rubbed  on  the  grindstone  eet  Eire  to  gunpowder  ^according  to  Wedgo- 
wood).  Two  pieces  of  wood  take  lire  when  rubbed  hard  togctber.  When 
tough  glass  19  nibbed  ou  smooth,  tbe  former  becomes  more  strongly  heated 
than  the  latter;  similarly,  ron,i;h  cork  ou  amoothj  wbcn  white  eatin  is 
rubbed  on  black,  tbe  former  in  mo&t  strongly  heated;  on  rubbing  toge- 
llier  smooth  glaas  and  cork,  the  rise  of  temperature  in  ttic  two  la  as  S4  :  oj 
with  ground  glass  and  cork  as  40  ;  7;  silver  and  cork  as  SO  ;  12;  caout- 
chouc and  cork  n-a  29  :  1 1.  (Becquercl,  J  mi,  Ckim.  Pkys.  70,  2311.) 

III.  Inplcbnce  of  Heat  on  the  CirEniicAL  Cohbixations  and  Decou- 
pusmoxs  OP  PonDEnABLE  Bodies. 

The  influence  of  licat  on  tho  chemical  coinbiuationa  of  pondeniblo 
bodies  in  which  it  nets  partly  as  the  prinefple  of  fluidity,  purlly  in  a 
manner  unknown,  has  been  considered  (pp.  and  37).  Of  doeompofi' 
tiona  of  ponderable  Bubalancea  produced  by  heat,  on  account  has  oeen 
given  pp.  119. ..122,  and  132.  ..166. 

IT  The  most  remarkable  instance  of  decomposition  by  beat  is  the 
TvsolntioTi  of  water  loto  its  constitneut  ^'<i4es  by  tbtj  ngnncy  of  inenn- 
deacent  platinum,  liatidy  discovered  by  Mr.  Grove.  (/"AiV.  Maij.  J.  30, 
58;  31,  38-)  A  platiniiin  wire  is  inealcd  into  tho  closed  extremity  of  a 
kind  of  tube-retort,  having  it^  neck  narrowed  elo-ie  abore  the  wire.  Tbo 
lube  is  filled  with  pure  water,  and  the  current  of  a  voltaic  battery  niado 
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to  pass  through  the  wife,    As  eooii  as  the  wire  iHWomea  iniCatiiJescenl, 
':nofl  ftr&utid itself  ati  ftt!iioe|ihier6  of  vapour,  ■whit-h  il  iniTiie<!!at*Ijr  dwo 
|»oaea.    Moredvor,  a  natural  valve  being  fomecl  by  tho  conflicl  of 
ing  gas  arw]  descend ing  water,  the  biibhlea  of  mixed  gas  are  cut  off  hy 
intcrniitteiit  lu'tion ;         tliusj  aa  their  recumbinatlon  h  preren 
T^Iume  i)i  i^as  collects  iii  tie  heud  of  the  tuho  and  ia  ultimately  ex 
at  the  orlHcc.    It  detonates  f>n  the  upulication  of  el  ligtit.    If  a^.„, 
button  of  |)latinuin  wire  be  fully  i^jnited  by  tlio  oxyliydrogen  bloirni- 
and  then  plunged  into  water  healed  nearly  to  its  boiling  puint,  bubbuM 
mixed  giis  ascend  and  niny  he  colleclcii  in  an  inverted  tube.  Van 
forms  tif  Qpi^amtu^  huvo  bctiti  devised  fur  the  ^urpo^e  of  incroasin^  tht 
acliui)  and  rendcrinj^  tbc  evolution  uf  gns  continiiuus:  they  are  full^ 
described  in  the  momoir  above  referred  to.     TJie  Jecompositinu  ma 
Also  be  effected  by  means  of  an  igniti^d  buljou  of  Ehe  alloy  of  iriiiium  s 
Dmiinnjr- — also  by  igtiiled  pHlliidiutn  ;  but  Iho  effects  are  not  so  ^triki 
83  with  idattnunj.    tiillea  and  otLet  oxiJea  fitso  r-eettied,  in  Mr,  QroTe 
experiments,  to  effect  the  decompufiitiou ;  but  £be  reaiilLs  were  not 
factory. 

Tno  mode  of  action  in  thia  very  rcinarkahle  fihenonienon  is  involt 
in  some  obscurity.  Varioud  explanationa  have  been  enggcste J :  atr 
hftve  attributed  it  to  a  catalytic  aetion  of  the  ulatimim.  But  it  is  pet' 
inoBt  probable — aa  Enjgeatcd  Ijy  the  discoverer — that  the  eause  of  I 
decwm position  la  to  be  found  in  the  rarefaction  produced  by  tbo  b 
Grotlhuas  has  shown  that  mixtwrcB  of  oxygou  and  liydroncn,.  «r  cblori 
and  hyilrogew,  when  nmeli  rarefied,  will  not  dcloaato  by  tbc  elcctri 
Hjiark.  Wo  kiiew  also  that  otber  coiiipounds  may  be  deeumpoeed  b 
more  elevation  of  temperature ;  e.  g.,  oxide  of  chloricie  at  a  very  modci 
boat,  onimituia  at  a  bigbcr,  and  certain  melallie  cjxtdc.^,  viz.  the  oxidca 
of  mercury,  silver,  gold,  auct  llie  other  nohJe  motale,  at  a  etiU  tii^ber 
leniiferature ;  anJ  the  detoni position  of  water  la  Ibe  manner  Just  dcbcnbed 
Appears  to  form  the  final  tcm  of  thl^  series  of  actioni^.  There  appean 
indeed  to  be  an  extctisivo  series  of  f:\c\s  which  j^ioiut  to  a  (TCueralinA 
ftatagottiain  between  tbemic  reimUion  itud  gbqmical  affinity,  and  a  con^ 
sequent  establishment  of  the  law  continuity  bettveen  phyeicul  aud 
obcnjical  attraction,  {fid.  riiih  Mag.  J.  31,  H. 

Ohservation       Dnvy,  who  douLta  tbo  materiality  of  hent,  oiplaiiu 
the  diBercnce  between  a  hot  and  a.  cold  bwly  by  Hiippo^ting  tlie  atnms 
the  former  to  mako  larger  vibrations  than  thoso  of  the  latter:  hen 
expRDsiou.    The  same  view  is  lafcen  by  Mohr,  {Ann,  Phomi.  24,  I  II.) 

Observation  S.  Irvine  and  Dallon  make  no  difforenoe  between  f 
and  combined  heat  When  uncoiuhined  beat  beeomee  aeeumiil&letl  in 
■olid  boily  to  B  certain  pointj  it  causes  that  bmly  to  aesume  the  lirju 
fortii ;  and  since,  aecordiog  to  the  opinion  of  ihetio  philoHctpKcrs,  tbi» 
chanK^  of  form  is  accompanied  by  Inereaecd  capae^lty  for  heal,  absorp^B 
of  heat  triEial  take  place.  Tliiiy  tliereforo  consider  all  devclopmenl  and 
absorption  of  beat  tn  vlicmical  or  mcchanitfal  chants  of  pondorablfi  bodies 
a»  proceeding  from  an  nlteratiun  of  enpacity  ft>r  bent.  Acetmling  to 
tlicao  liypotbcacs  they  endeavour  to  iind  the  so-called  Sero,  Me  abMlmlg  9 
qf  iht  utile  of  trmptrj-afurf,  or  the  ubeolate  tjuantily  of  li^at  ooataltie>l  bl 
bvdies.  Sincu,  (,  y,,  the  epevilic  beat  of  leo  if,  aecor<lin;L;  to  KimSt 
Q-ii  i)f  lliul  uf  water,  tmd  iw  in  p&SMUg  to  tlis  4t«t«  of  water  aboorbc  75* 
of  Uwlj  thcM  75"  an  «^tiul  tu  oDV-lootla  of  tb«  abKiIute  ijuautity  uf  heal 
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contaiiieil  ia  water;  lieaco  the  aero  of  the  temperature  for  water  at  0* 
lauiit  lie  aituatfiJ  at  —  750=  (1318=  Fah,).  They  likewise  determine 
Ibe  zero  from  the  heat  evolved  on  mixing  two  substances,  and  the  ejiecific 
beat  of  the  reeultiug  mixture.  But  the  wiitely  discrepaut  results  uf  these 
calculations,  accuriling  to  the  oiiture  of  the  eiibtitances  coneiders-i, — tha 
zero  Ijeing  situated,  according  to  Daltou's  experimcut-s  between  —61-30 
and  —  33!!I0,  aocl  aceoniiDg  tu  an  expcriineut  Lavuisier  and  Laplace, 
acCuiLlly  ahove  rod  licat, — are  the  bewt  argunieiila  agatnat  the  rejection  of 
the  theory  of  combined  heat.  If  ibe  Etatetnetit  t>F  Detaroche  &  B^mrd, 
that  the  specific  heat  of  vapour  of  water  ia  ouly  0*8470,  t^hould  be  cym- 
pletely  establiitbed,  the  precedinjj  view  of  the  subject  would  be  com- 
pletely overthrown,  slnco,  if  there  wore  no  sach  thing  its  fombined  beat, 
the  Conversion  of  water  iuto  vapour  would  th&n  be  attended  with  eyolu- 
tion  r>f  heat. — Comp.  Thomson  {Sifxtem  of  Ofiejnistri/.) 

CtpmcHt  &  Deaormc-.-*  plftce  the  iibsolute  zero  nt  —  2fl6-6°  C.  {—  447'9° 
Fah.)  partly  with  reference  to  a  not  very  probable  bypotheeia  coniceming 
the  heat  contained  in  a  vacuum  (p.  2&2),  partly  from  the  following  cou- 
Blderations.    Air  at  0°  expands  for  each  flegreo  C  of  beat  superadded 

TflVn'ifff  or  and  contracts  for  each  dejjrce  cif  heat  ahstraeted, 

by  YTE'Z-  nppl]<»Lblo  at  all  lempenitares,  tlic  limit  of 

diminution  of  volume  must  ho  found  at  —  2GG'Q"  ;  below  this  point  there 
can  be  no  further  contraction  of  volume  and  therefore  no  further  abstrac- 
tion of  heat.  Or : — If  'IGU  G"  of  Leat  be  imparted  to  air  at  0''  its  toIuwb 
becomea  doubled;  according  to  tbo  above  law,  the  air,  when  its  volume 
18  domblcd,  must  contain  twice  the  quantity  of  beat  which  it  contaius 
at  0';  consoijuently  at  0^  it  must  coatain  266ti^  more  heat  than  at  the 
absolute  zero.    [Vid.  p.  25S.] 
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Th.  ANUniiws,    TbQriiio-Electrleity,    Phil.  Mag^  J.  1(0,  433;  ftlso 
■II,  lfl4. 

— ■  Comiacting  power  of  Flame.  Phil.  Mag.  J.  9,176;  aXma  I*o 

43,  310. 

Aruistroiig.     Electricity  by  KxfiAnsIon  of  Ale  ami  A(]ueoDs  Vaponr. 

Phil,  Maff.  X  18,  ]33f  328  and  SOU;  1E^,  25;  5J0,  5;  21,  1;  22,  IJil; 

Ann.  Ch!m.  Ph^s.  7o,  32S;  Pogg.  52?  328. 
Dc-cq^uepel.    Electricity  by  Prc.-snre.    Jnu.  Chm.  Pfiyn,  22,  5;  Tlrnofr- 

electricity,  2;),  IG'j  {also  Schw.  3f),  448);  C/mrtical  Electririt^. 

1,12;  23,  244  (ftlao  ,S'Mtw.  40,  .ISj);  23,  25!)  (ab»  .9cAm-.  40.  40"I): 

203;  EffilrlcUy  by  Capilhnt>f,  24,  237  (nlso.VcAip.  40.  40S); 

Tn/co/  F.hdm-'d<i,  24,  34S;  2.5,  ^0.'«  (ulso  .WVMf.  43,  71;  aU..  /'-.j 

2,  I6f));  2ti,  17<i  (aJsu  *W(«'.  44.  153;   nls«  Po'ig.  2,  ISO);  27.' 
tttUo  Pofj'j.  2.  101);  27.  14  (jilst.  yV/.7.  2,  201 );  28,  Itt,  and  27  (i 
N.  Tr.  ii,  1,236);  Thrrmo-lt^lyicit.ij,  31.  371  (alsu  -/V/fl.  9,  3« 
Vhemkai.  FAtcirkiUj  34,  153  (also  11,4^7);    3.'i,  113.  E]< 
tricily  Ijy  Cleavage  of  Crystals,  3C,  2B.V  (also  Pugg.  12,  147); 
tricily  ty  Wire  in  Fknif^,  3G,  32*1  (!ilsr>  Pogg.  11,  437);  Cryst 
electricity,  37,  6,  anrl  9.^>5  (alao  i*i>(7if.  13,  628);  Frictiou-clMttin^ 
i>f  MolnlK,  3fi,  113  fnlao  /V/*?.  13,  Glf};  Compounda  producer] 
Electricity.  41,  5  (n-batr.  Pagg.  IG,  30fi);  Tlicmin-eleclridty,  41, 

3.  >3  (aUu  Pagg.  17,  SS.*));  Combinations  lunl  DecDiii positions  byOml- 
vanie  Action,  42,  226  (also  Pogg.  1«,  143;  alao  ^chif.  5«,  439); 
43,  131  {^\mP>2gii.  18,  J47);  43,  3K0;  Thermo-electricity,  FrtctioD- 
electricity,  and  Ch&nnical  ElGrtricity,  46,  26.),  an>l  337;  GalruM 
]>c>t!onipositions,  48,  337;  Eloctridty  tlovcloped  in  tlio  CcninitatioQ 
of  Iron  by  Clinrcml,  40,  131;  r!:Lti]iiiTii  with  GoM,  Peroxifto  of  Mu- 
taneeej  Black  Lcnii,  60,  164;  Galvanic  Formation  of  C^irboBsUt  of 
Liciiej  60,  173;  Galvanic  ApiKmitua  with  Nitric  Add  and  Fotasli, 
PihL  nniv,  CO,  215;  also  Pogg.  .37,  4-2!).— Al«n  Ann.  Chim,  Pkyi. 
«G,  84;  atso  Pogg.  44,  437. — Els^^tric  Corwnt,  which  d^ompo^"-. 
hut  does  not  produce  Heat.  iifbL  unh.  51),  also  Pogg.  37, 
433. 

Becipierel  (E),    Conducting  Power  of  Sollda  and  Liquids.  *V. 

Chim.  Pfu/a,  20,  53. 
Van  Beck.    Melals  with  Sea-water.    Pogg.  12,  274;  a^in,  Ann.  Ckim. 

Pkt/s.  04,  225. 

Beeti.  CcrtiLin  Pbcnoniona  f>f  Voltaic  DeconipoaitifiTi.  Pogg.  61,  209, — 
RiiBtin^  of  Iron,  ami  its  Cnunection  with  tlic  Fiuisive  St«l^,  01, 
234. — Voltaic  Polarization  of  Iron,  03,  2S3. — Passivity  of  Irea. 

67,  i#e 

Bcr7.c]iu4&  Hisingcr.  Gn-lvanio  Dccoutpo.aitinii  of  Snits.  Gitb,  27,  S70. 
Uurxcliiia,     Galvanic  Acli"jn  on  Coloured  Pap«ra.     Gil(>~  27, 

Theory  of  the  Elpctrir  Pile.    y.  Gr/il.  M,  1*7. 
Bitik*.     Lawa  of  Galviiiiism.    PAtt,  Mag.  J,  II,  112;  12,  5-4,  135,  I 

and  276. 


ELECTRICITY*  SOS 


O.  Biscliof.    Vollaiu  Pila.    KmIji.  Arddo.  A,  13. — Electric  Series  of 

MeUla.  Sirhv.  j2,  230. 
R,  Bottger.  Tliermoi-electrioity.  /'of?.?.  50,  41, — NobiU'fl  Rings.  J.pr. 
Cheni.  8,  476. — Electricity  produced  hy  Tin  "witli  Nitrate  of  Copper, 
Ann.  Pkarm.  2f>,  T7. — Galvantc  Tinning,  Glliliug,  Platiuiaiag,  and 
Zirkin«j.  Ann,  Phai-m.  31,  84j  33,  221,  and  350;  39,  I7L— 
Eiectrotypo^  Ann.  Phariii,  3.1,  21ti;  3l>.  180. — Pi'oductlou  of  pure 
Iron  in  the  coherent  Statu  by  GalviiDtc  Electricity.  Pogg.  (f7,  1  IT. 
Brewster.    Crystal- Electricity.    Edinb.  J,  of  Sc.  1,  208j  sUffo  Poi^^.  2, 

2&7;  also  >VcAw.  -43,  87. 
Biitr.    Galvauieiu.    Ann.  Pharm..  32,  I  and  7;  34,  129  and  241;  35,  I. 
A.  Conncl.    CialviLiiic  DecoiiipositioTis.     N.  Edinb.  PhU.  J.  ly,  103; 
Phd.  Transact,  of  Edinb,  13;  aleo       pr.  CMm.  5,  167j  P/tiL  Mag, 
J.  18,  323. 

Cal!:in.    Nen^  Voltaic  Battery.    Phil,  Mwf.  J,  31,  «1, 

C«iiiniing.    TEieriiio-t>Lectci«ity.    Jhji.  V'At^.  21,  427;  22,  177  and  821; 

fiUo  .SWiui.  40,  312  iin.l  317- 
Eaniell.    Voltaic  Cumbinationa.    Phil.  Ttonsaet.  ia3e,  1,  107;  nbatn 

/^oi/i;.  42,  2B2. — Galvanic  DecoinpMitioiia.   Phil.  Transact.  1838  and 

0;  ahstr,  Ann.  Pkarm.  3ti,  32. — Klci-truly^is  of  Salts.    Phil.  Mag. 

J.  22.  401. — Electrolysis  of  Secondary  Cunipountla.  Phil.  Mag.  J. 

24,  4(J3. 

Djiuiell  &  Miller,    ElectrolyHis  of  Secondary  Conipoiiinlsi    Phil,  Mag.  J. 

25,  175. 

J.  Davy.    Iron  with  Tin:  GiiSvaniHm  without  CbGinicu.!  Actitin.  A'. 
EdLnh.  Phil.  J.  17^  42  and  4(j. 
Davy,    Galvaijic  DcuoinpofdiLlona.    2^.  Gthl.  5,  1 ;  also  GUb.  23,  1  ami 
162.— Electricity  in  vacuo.    Phii.  Tramud.  1S22,  ti4;  also  GUI.  72, 

3j7  Protects™  of  Copijer  by  li-on.    PhU.  Tmmacl.  1825, 

also  Sdiu',  fid,  434;  yljiw-  Chiin.  PJti/s.  33,  31!).  —  C'lietniciil  ami 
Electric  Actions,  Jji«.  t'Aini.  Phsfs.  33,  2(0;  also  A^.  Tr.  15, 
1,  84. 

M.  harj.    ExperlineDlal  He&oarcltea  on  Voltitic  Electricity,    JT.  Ann, 

Chim.  Phi/B.  19,  401. 
De  Ift.  Rivo.  Galvanic  DpCotnposi tiuns,  Ann.  Ohint.  Pkj/t.  28,  190; 
35,  164. — Sccondiiry  Currents,  Bthl.  univ.  SS,  !I2;  alao  Amt.  Chim. 
Pht)».  3«,  34;  also  Pogg.  10,  425. — EWtric  Conduction.  Anst. 
('him.  Phji.  3Ti,  100;  Bill.  \im».  40,  l9f!;  also  i*c^s/.  15,  523. — 
Direction  and  Fwrce  of  the  Electric  Current.  Arm,  Chim.  Phys.  37, 
32.t;  also  Pogg.  1j,  122. — Chcinical  Elmttricity.  Mem,  de  la.  Soc,  de 
Ph/g.  de  Oenevf,  4,  28jJ  ubat.  -4ji1».  Chim.  Phys.  39,  238;  abstr.  Pogg. 
la,  l>8. — Devck)[iin«nt  of  llcat  by  tbe  EK'utric  Currtiiit,  liibl.  univ, 
40,  40;  also  Ann.  Chim.  Phi/s.  40,  371;  nbslr.  J'og^j.  Li,  257.— 
Zinc  nnd  Sulphuric  Aciil.  liibL  univ.  43,  &lsg  Pogg.  19,  221, 
— Electric  Conduction  of  Mercury.  Atin.  Chim.  P/iyn,  40,  408.— 
Clicuiii'al  Electricity.  Compt.  rend.  1^35,  312. — Hietory  of  ibc 
new  Thuory  (if  Electricity,  Jiibl.  univ.  52,  225  and  404;  53,  70, 
170  amt  315, — Electricity  Ly  Friction  of  Mel;iJs.  HibL  univ.  5"), 
13;  a.lso  Pngij.  37,  SOO.—Elcctric  Conduction  at  diftVrent  TemperU' 
lures.  Bibl.  univ.  N.  S.  7,  388;  alao  Pogg.  42,  fl9.— Clieniical 
Electricity.  Ami.  Chim.  Phijs.  Gl,  3H;  02^  147;  nt^o  P<igg.  40,  355 
and  515. — Gdlvftnit  Oxiilalioii  of  Platinum.  P<^gg,  4Bj  4h9. — Oal- 
vanie  Gilding.  Ann.  Chim.  PZ-i/a.  72,  39s;  aUu  pr.  Chfm,  20, 
157. — Reaearclit's  on  tlio  Volltaic  Arc.    2'hil.  Mag.  J.  31,  421. 

VOL.  I. 


308 


EtECTtllCITY. 


i 
■ 


Donne.  Dry  Pile.  Ann.  Chim.  Phyt.  42,  71 ;  aUlr.  ^c*w,  58,  SI,— 
Electricity  in  the  Human  Body.    Ann.  Vkim.  Fhyt.  57,  405. 

Ennao.  7, -155  and  501  j  8,  197  and  284;  10,  1  »nd  326;  11, 

U3  and  Ififi;  14,  385;  22,  14,  220  and  318;  64.  4J;  P-ygg.  25,  65T. 

Faradfty.  ErpDrimeulal  Reaearchea  in  Electmity. — Series  1:  i'kiL 
Tmnt,  1832,  I,  12.1.— Series  2:  ib.  1832,  I.  168.— Series  3:  1883,  I, 
23,— derive  4;  1833,  11,  507.— Berie«  5:  IBSa,  II,  675. — Series  «: 
1834,  I.  1;  Series  7:  1834,  I,  77.— Series  8;  J834,  11,  435.— S^-riea 
»:  1835,1,  41.— Series  10;  1835,  H,  263.— Seriwt  11:  1S38,  1,1.- 
Seriea  12;  1S38,  I,  83.— Seme  13:  183S^  I,  126.— Series  14:  1858, 
II,  205,— SeriBB  15:  1839,  I,  1, — Series  16:  1840.  I,  Bl.— Series  IT: 
1840,  t,  93.— Series  18:  1843,  I,  17.— Series  IOj  1846,  I,  1.— 
Series  20:  1846,  I,  21.— ^cries  21:  1846,1,  41.— Theso  reeearcliea 
are  lik&wiaci  )iublifil]<^d  in  tlio  Fhihsophieal  Magazine, 

  On  Static  Electric  Induction.    Phil.  Mag.  J.  22,  200. — C 

jiiirmti  between  the  Chemical  Action  and  Contact  Theories  of 
Voltaic  B.^ttGrv.    Phil  Mug.  J.  24^  13a.— Dtamagnatic  Ci»iditi 
of  Flame  and  (j-ases.    Phil.' Mag.  J.  31,  401.— On  Gutta  Perdu 
aa  loBulator.    Phil.  Mag.  J.  32,  165. 

Feclicer.  SJiw.  53,  61,  129  and  429;  55.  223  and  442;  57,  1;  flO.  IT; 
63,  240;  Pogtr.  41,  225;  42,  481j  43.  432;  44,  37;  48,  1  and  225. 

N.  W.  Fiacher.    Metall^o  Redu€tion,    ft'rt.  72,  289;  Pogg.  4.  291. 

Gubu  &  HiBLugor.  Deoompoeition  of  Water  by  the  Electric  Spark.  GM. 
27.  311. 

h.  Gmelin.    Elootto-chemical  Theory.    Pogg.  44,  1. 

Grottliues-    Eleclro-cheniiatry.    Gilb.  CI,  60.    DeeomtHwitiou  of  Watw. 

Ann,  Chim.  Phgs.  58,  54;  also  in  bin  Phy«ic0-ck»mi<)al  Kt^emxiM, 

128. — Oalvanic  Decomposition  tlirougb  a  Qlaas  platv.    Sehta,  2S. 

31 5.—Elactncity  dcvtjloped  in  tb?  Preestug  of  Water.    A  nm.  0im. 

Phyi.  27,  111. 

Grove.  New  Battery  witb  Nitric  Acid.  Fk'il  Mag.  J.  IS,  480;  14. 
127;  15,  287;  abo  Poifff.  48,  30. — Cuiiduclitig  Power  of  WaUr. 
Popg.  48,  305. — Anial{.iimftted  Zinc.  Phit.  Mag.  J.  15,  81;  tto 
J.  pr.  Ghevi.  18,  1 14. — VtilUi.ic  Process  of  Etching  a  DagiiOrfOlTp' 
Plate.  ^^(7.  Mat}.  J.  20,  18. — Esptirinienls  au  Voltaic  RmwIML 
2.3,  44a— Gas  Vf>ltaio  Battery,  21,417;  24,268,340  aiid  4!S.— 
On  Grotthuss'  Theory  of  Mnlo«ular  iJe'^onipAmtBon  and  RmM)m]KMitioB, 
27,  348. — Application  of  Voltaic  Electricity  to  tbo  Lighlis^  nJ 
Mines,  27,  348, — On  cirtain  Phenomena  of  volt/vic  I^nitlurv,  aad  M 
tho  iJecompMitifiii  of  Water  hy  Hiiat,  30,  20,  and  01 . 

iUtiki-L    Cryetal-eict^tricity.     Pogg.  4!),  4U3;  .'lO,  237,  471  ud  M5; 

fi3.  m. 

Hare.    Catorioiotor  and  Deflagrator.     Ann.  PhU.  14,  174;  ^so  &i* 

2fl,  313.— virtfi.  Ph^l  17,  329;  2,  328;  4,  U9. 
Hauy.    El(?ctricitv  by  Free«ur«  and  Friction.    Ann.  CAim.  IHkjfa.  t.9Si 

8,  383;  alflfl  mw.  20,  383;  2a,  135,—,/.  Phys.  89,  455. 
Honkel.     Thermo-electricity  of  Metals  and  Metallic  Mineimla, 

88,  in?. — Strength  of  the  Electric  Cnrreat  betwven  Mstals.  A» 

B2,  47I». 

Henrici.  Galvanism.  Pogg,  47,431;  48,37?;  82,387;  £3,  ITT;  M. 
61  and  232. — Influence  of  Tein|>erature  on  the  (.'oivluciin^  puaa  J 
IJipiidft  for  Galvanic  Currents.  Poff/j.  6(1,  174. — Tli^ry  ud  Anfi* 
pfttjon  of  Elecfricily.    PMl.  Mag.  ./."27,  104, 

hi.    BocquereVs  Citcu'a.    F^sig.  40,  Q7. — Chamber  Ballory,  48,  iSk 


4 


ELlCTRICnY.  SOf 

— Gal  Tan  0111  eter,  48,  20. — Gnlvauic  Cireuite,  60,  SIO.— OroTe'a 
BiLftcry,  53.  33e.~Galva.nic  Rprkction  of  Brafia,  02,  230— Galvanic 
and  Eloctro-magn^Lic  Sxperimeata,  66,  14}],  IHl,  188  and  207. 
Joule,    Electric  Origin  gf  Ibe  Heot  of  Combustion,    J*h\l.  Mag.  J,  20j 

!18;  22,  201— Electroljsi^,  21,  tOG. 
KnochenLaiier.    Kx[)eriiTiients  on  Combineii  Electricity.    i*ogg,  59j  31, 
Kdblcr.    Til ermo-oiectrt city,    ^"W-  '"i 

Kolbe,    Electrolysis  of  Viilerianitf  Acid.    Fkii,  Mag.  J.  31,  348. 

I#eux.     Peltier's  Experimont.     Pigil,  ^A,  342. — CoaUuctiun,  45,  105, — 

Development  af  Heat  hy  Gnlvanic  Actloi],    Poiji},  fll,  18. 
LifiOt  ii  Scliwelger.    Galvanii!  Polnrimtion,  ami  lileclromotive  Pow&r  of 

Hydw-c  ire  nits.  Pogg.  67,  ■*!)7;  ata.i  jV.  ^nn.  Chim.  Pfn/s.  20,  183. 
Marianini.    BUt.  unii'.  42.  87  {nl^o  ,Sehm.  .'58,  429);  47,  253. — Ann. 

Chim.  Phyi.  33,  113  (also  P(i</j.  8,  1C.5;  aha  AVAw.  49,  22,  204  and 

432);  38,  5  amd  337;  42j  531  (also  Schv.  51,  17T);  4S,  38  antl  1 13; 

&\,  13U. 

Martins.  Cheinical  Action  of  Galvanic  Currents.  Pogg.  58,  234. — 
Piisslvity  (if  Iron.  61,  121. 

Wattnucfi.  iScJtip.  57,  fi7i  59,  3fi9. — ^nri.  C/thn.  Fhys.  43,  S^'Kt  (alao 
-SMw.  00,  305);  58,  75;  00,  2i25;  71,  90;  74,  99  and  105.— Electro- 
Pliy.--iol(>gy.  Phif.  Mfttj.  J.  2l>,  175. — New  Eiperiniout  on  Stiitio 
Electric  Indunlion,  2fi,  320.— Animal  Electrtflity,  2fi,  534. — Pcvc- 
lopment  of  Electricity  by  Cliemiwil  Action,  iV.  Ann.  C&im,  Phift, 
16.  257.— Electricjil  Fibhes,  21,  IfiO. 

Molir.    Galvanism.    P^gg.  3U,  120;  42,  76;  51,  372  and  37«. 

WuUins,    Galvanic  Appariilns.    PhiL  Mag.  J.  y,  283;  10,  281;  Ifj,  37. 

Aliiuke.  Ejoctrieity  uf  Va[ii>ur  of  Waler  nt  Low  Temperatures,  ^'ogg, 
67,  376. 

Mnnk  af  RosenclkcilcE.    Galvaiiiam.    Pogg.  35,  48;  43,  193  and  440, 
Napier.     Electrical  Endosmoaa.    PhU.  Mitff,  J.  20,  10. — Electrolyeia. 

23,  92. 

Nobili.  Kings.  Pagg.  ID,  392  and  405.  BibL  univ.  30,  3j  37,  177; 
also  Schw.  fr3,  441  and  4.56. — Motions  of  Jlcn-itry.  Itifil.  imiV  35, 
2GI;  iilso  iStikw.  54,  40. — Galvauiam.  SihL  ttniv.  37,  10;  aW  Pogg. 
H,  157, — Nature  of  Electrical  Currents.  BibL  ttniv,  37,  118;  also 
filehw.  53,  204. 

Oerslcitt.  Elect ro-magnetism.  Sdtto.  SQ,  27S;  niao  QUb.  68,  291. — Cir- 
cuit of  two  Element?.  Schv.  33,  163. 
Olim.  La.\ra  of  tite  Eloctric  Current  m  a  Galvanic  Cirouit.  Pogg.  0, 
450;  7,  45  and  117.  (VcAw.  5(^,  333. — Unipolar  Conductors.  Hoku. 
59.  385.— Galvanic  Circuit.  Schw.  C3,  I,  158  and  3K5;  64,  20,  138 
ami  2'57. 

Parrot.    CLemical  Electricity.    Giib.  Ql,  SS;  Ann.  CMrn.  Phyi.  48,45; 

46,  gy], 

Peclet.    Cnntac^eIect^iciity.    Ann.  Chim.  Pkys.  77,  233, 
PeUiDr.    Heat  and  Cold  develupeJ  by  tto  El^ictriu  Current.    Ann,  Chim. 
Fhyx.  50,371;  also  Fogg,  43,  324. — Statical  »ud  Dynamical  Elec- 
tricity,   Ann,  Chim,  Phys,  67,  422. 
Pfaff.    Galvanism.    A\  Oehl.  5,  82;  .S'cAie.  48,  IBO;  53,77  and  395;  55, 
2.58;  64,  1.    Pogg.  40,  443;  44,  542;  49,  461;  51,  110  and  210; 
53,  20.  203  nnd  313. 
Pog^endorli'    Gal-rnninii.     Pogg.  49,  31;  50,  255  and  264;  .52,  4117; 
63,  343  anil  436. — Hydro-electric  Currents  of  tUe  liighcr  Orders 
Pagg.  61,  408. — Conduction  of  Galvanic  Currouts  hy  Hi^w-lt.  Pttgi 

Tt  1. 


nmiiiiij  Vv  iriMwuiw  no.  m^.  j.  is,  95. 

'' '       bM,       mU  WiMili     run.  Maf. 
73;  ftff.  ^.         tt,  M;  39^  IVt,  »*S  «sa  35S;  Ml 

in;  «l,  M;  ^  1        IT;  51,  3Ml— Bt«gi^ 

> ^  Lai  ML— n  Mil II I  Ti  I  liiiihii,  4«>  SSS.^A^Uiri 
IIm  IWwt  *i  CilMl,  U.  Sa— Sna^  CvreBt^  44,  I0»;  IT. 
IW^Xk«  Aa4  Hi  AlnU.  47.  50.— UeeCnml  <Mm;  H 
Cll.— Tk«7  «{  ite  Gm  T«iiw  Bttiay.  J%iL  Mmf.  J.  tl,  ICi. 
OaoM^  27, 197. 

Meek.   ThiMi  Jiiliiiili.  O,  lU  m1  tMu    i'tgy.  CI.  m 

^7  KiiH«»tii».  44.  172;  5]«  T?.^! 

GmtT«McDtni^iiiUiB<#SJteL.   ,rn-.X3,  1,  1. 


Qema  W  M ilkr.    BkJ.  l&l ». 
630;  2^,  434. 

Tfltta.    Ektfoeky  by  KmaniMK.   GJL  5,  39.— Valtvie  PUo, 

■Ml  40— yiiBhwiMiil  FifBWi.  «,  239,  S3,  379  utd  389;  It 
389  mod  44n.— G^nMM,  1«L  ««i       «>7;  >3.  S57;  19,  491; 
51,  341. 

Wadu    UHallie  AritoRMOML   SdUr.  5^  tO. 
Wabtkn.    GalnainB.    iW  4,  391  uJ  449:  47.  133. 
WnlMin.   ConecCioa  «r  L%kt,  Bmu.  ud  £b«Uieit7.    PAO.  JT^. 
93,354. 

Wctdcr.    MetaOje  RcdixtioM.  49.  470;  .■>0,  S8  &tul  199;  M. 

SM.— Iran  aad  L«wL  54,  333.— Oii«  MvUl  ud  anc  Li««l 

WhwWone.    pMenption  of  raiiwM  fcew  Inrtrmfnto  Mid  Pnnwil 
detemiaiBg  Ibe  CoMlwts    fe  Tohue  Bi.tvaj.   Phil.  Tevma.  U 

Wollwloa.    Chemicd  ElertHcitj.    PkiL  Tnmt.  |«0I.  4X7;  mIm  J«- 

16.  45. 

Yeliu.    Thormo.el«cCneitj.    GOh.  73,  £61  >Bii  415.— iV^M  tUktrm^t 

ntliteht  f'erituAf.    Munebeo,  1823. 
ZtmU,ai.    Drv  PU«a.    GUb.  60,  151.— Pile  with  two  ElvmoaU.  0^ 

GO,  162. 


TIio  term  Siecfrieitr/K  applied,  accorJiiip  to  the  {luollstio  tlnjflry  of 
Dufay  and  Symmer,  to  tvra  imponderable  fluids,  vory  similar  in  tlieir 
propertieff,  but  diajnetrically  oppoi^eJ  iik  tlieir  mutual  rolations; — or, 
according  to  the  tlieory  uf  Fninl;Iin,  to  a  einglo  imponderable  fluid,  tlie 
r&lalivQ  excees  or  defifliency  t>f  wIiEcli  ia  euppoeed  to  produce  tlie  pheQO- 
nien»  of  FosUtve  and  Neyatwe  ShclTieity*. 

J'ropefiiet. 

1.  The  two  KlectricitieB  are  iraponderaljle. 

2.  Tbey  difTuv^e  Llioinsolves  uniformly  and  with  tbe  greatcet  mpidity 
tUruugb  thoae  spaces  which  they  are  able  to  penetrate. 

*  The  (liialistic  theory  is  not  only  better  aihpted  to  ihe  chcinica).  view  of  ciertrical 
pbmotiicnti.|  but  likeinse  alforda  a  mUcii  morE  satiaffK-tory  exjilauation  of  tlic  digtribuKon 
*f  electricity.  For  bow  la  it  possible,  oil  the  Fraiikiinlan  hypothesis,  to  form  a  clear 
cancepCion  pf  the  njannef  in  which  a  bodj  deficient  in  slecCricitj,  and  placeJ  in  tha 
neigtbourtiood  of  annclicr  containing  electricity  in  tuecsf.  exhibits  s  still  preiiter  defi- 
cieDCy  On  the  aide  nearest  to  tbe  tatter,  aod  no  excess  on  the  opposite  side  (ir)?  The 
iipproiimation  of  a  Lot  and  s  cold  body  dties  POt  sppflOF  to  be  acconipn'tled  by  any 
phenonirna,  resembling  the  distributioTi  of  eltctricity,  The  experiment  of  Moll  (p.  31&J 
IB  also  favoufuhle  to  tlie  dualistlc  theory. 

T  {a).  The  FronkUnian  theory  fa  peifecilycompBt-ent  to  tbe  enilanation  of  thia  and 
tvtry  otbfr  jibenoiuenao  of  statioil  elcctTicity .  The  fan dn mental  principles  of  that  tlieory 
may  hv  tinted  as  follows:  I,  The  f  articles  of  the  electric  lluij  repel  etich  other  nod 
Btlr&ct  those  of  pondi7rable  matter.  11.  Tbe  partidea  of  jiondernhle  uialter  repel  each 
other,  and  attrAct  Ihnse  of  tho  electric  fluid.  HI.  In  the  ordinary  stnte  of  a  budy,  the 
quantity  ofelcctric  fluid  contnined  in  it  is  such,  that  the  attractive  forne  pjterted  by  the 
poniJeraWe  matter  of  Lhe  body  oa  a  particle  of  electric  fluid  situated  nitbcut,  is  exaetly 
Ijalancrd  bj  the  repulaive  foi-cc  eserteii  hj  the  electric  fluid  of  tiic  body  on  the  sunie  pur- 
tide.  IV.  A  body  eontaining  more  thaw  thi»  nnliiret  qtiaiitity  of  elei^trit  fluid  is  said 
to  be  poiUirtiy  elfctrilied,  mid  n  body  CQutaimng  Jrtt  than  its  natural  quantity  it  said 
to  be  neffaiireiyeXpcKrifted. — Now  suppose  a  body  A,  negatively  electrified,  to  be  brought 
into  the  iieighlionrhooJ  of  a  body  B,  poailively  electrified.  The  escess  of  electric  fluid 
in  H  repcrls  the  fluid  still  remainiEig  in  A  towardi  tbe  end  fartbeK-t  from.  B,  thus  leaving^ 
the  Dearer  tad  uf  A  mure  ne^live  thrui  before, — and  at  the  same  lime  the  redundant 
ponderable  matter  in  A  attructs  the  electric  fluid  in  B  towards  it-aftf,  (bus  rendering  the 
nearer  end  of  0.  mure  positive,  anil  the  fwtber  end  less  pflaitire  than  before.  A  slwllar 
explanAtion  will  apply  to  every  'Case  of  statical  induction.  Indeed  it  is  only  neceftsary  to 
sta(«  lAt  two  ihtiirin  in  precise  terms,  in  order  to  see  that  any  pbcQaiuenon  of  Etalical 
eleetrlrily  which  is  esi'licable  hy  the  one,  moit  of  necewity  be  eiplicabla  by  the  other 
also,  —the  redundnnt  matter  nf  lhe  one  theory  proctuetn^,  in  foet,  the  same  etTrfcU  oil  the 
negative  electric  fluid  of  the  olher-  The  difl^eretice  between  the  two  IheoricB  is  that  thft 
one  supposes  a  single  and  the  otiier  a  double  transfer  nf  eleclnc  fluid  to  take  ptarF,  in 
aU  cbsi'S  of  irhari;e  nn  J  dl;cUarge  i  but  this  niakea  no  diflercnce  in  the  ullimate  distribu- 
tion of  the  positive  and  negative  ch^irge.  which  is  all  that  we  Alne  eorli^ftieJ  with  in  phe> 
namefla  like  that  just  noticed.  The  author's  remarks  in  the  preceding  note  seem  to  be 
baled  upon  the  nc'lion  thnt  a  Ijody  neg;ati\ely  elciitriHed  Li  supposed,  peeording  to  the 
Fra-nkliniah  theory,  to  b«  absolutely  deprived  of  electrie  fluid.  Su^h  howcTer  i»  uot  Cba 
ease,  any  mora  than  we  inppoae  a  eold  body  to  be  ab-aelutely  deprived  -of  h4;at.  As  Co 
the  eipcriment  (vf  Moll  alluded  to  in  llis  some  place,  1  will  only  obienc  that  tbe  per- 
furation  of  a  card  or  n  piece  of  tinfoil  by  the  electric  diaeh&rge,  by  no  means  obliges  us  to 
sapposo  that  the  eJectrie  fluid  or  fluids  are  bodily  carried  tbrougb  the  perforations.. — In 
making  tbeie  remariis,  I  would  not  he  uodersiood  to  advocate  the  theory  of  n  single 
electric  Buid  in  preftJence  to  the  other,— or  indeed  the  eiistence  cf  a-n  electric  fluid  at 
«lh  my  object  is  inerifly  to  point  out  the  perfect  similarity  of  explanation,  afforded  by 
the  two  theories,  of  nil  the  phenomena  of  Drdinnry  electricity-  [For  a  fult  development 
of  (he  Ihenry  of  Frhiiklin  (ivr  rather  of  .-Epinua)  I  mnat  refer  to  Jlahiton't  Mtplianical 
Phitiitophy,  BrtKulfr't  Edilimi,  vol.  IV.;  also  to  the  fldmiriible  trrati^e  of  Dr.  Roett  in 
the  Lili'ory  qf  Viifui  /i'iHFij?/srfyir,  f^afiirii  Fhilosofihy ,  rol.  II.  Tbe  latter 
pp.  ljU....6 1,  contains  a  conciae  and  able  coBipatijton  of  the  two  theories.]  ^ 
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If  ttfl  condurting  jwwer  nf  cnjiper  at  13"  =  100,  that  of  antimony  s 
8*87,  of  mercary  i-SG,  and  of  liUmiilh  2  58.  (Lenz.) — ^AccorOin^  U 
Pouiilet,  the  conducting  powers  of  platiaum,  copper,  and  palladtuiu  art  H 

2-5  :  16  :  30. 

If  it  be  od^dQiued  iLut  metallic  wires  o{  equal  tLicknesa  will  be  lum 
strongly  heated  by  tho  paseau;c  of  an  clcfltrio  c[irr>?n1  in  proportMa  u 
their  condnotinp  powiT  ia  let.^,  tlio  followitig  contlactEnf;  power)*  may  kt 
dedncod  from  the  dcgrcc^i  of  heat  uctunlly  ^jrodurcd:  Cupper,  silvor,  wai 
alloys  of  1  ji«rt  ewpper  witb  I  or  3  jiarLa  eilver,  100; — gold,  66-0 — bbc 
hta£8,  and  Allny  of  1  [>art  tin  with  8  parts  cop)W,  33'3; — an  alloj  of  I  pBt 
^uld  aud  1  silver,  30; — an  allov  of  1  part  ;,'old  u-Itb.  1  «ilver  or  **Pf'*l 
24; — ^ivii  Bll<jy  of  1  ]»art  tin  uml  1  nine,  22  2) — plutiduin  and  tron^  SO; — • 
niloy  of  3  parts  fisi  and  1  zinc,  IS'8;— lin,  Ifl'B; — n.11  alloy  of  3  n^iU  (i> 
and  I  I<?ad,  IS'^;— ^lu  alloy  of  1  part  tin  and  1  1«ad,  1 1  1 ;— nn  alloy  «f  I 
pari  tin  and  3  Itad,  S  ij— lead,  8-3.  (Harris,  P/iU.  TrtittXH-t.  1827;  aUu- 
I'i.ffff.  12,  279.) 

Ignited  copper  »ire  coTidnct«  betterthan  the  same  wire  anIgiilt«J;  aaJ 
toft  stsc\  liottor  thn^i  that  which  liaji  been  bn,rdeDod.  (Pi'tli^r.) — The  bm* 
ducting  power  of  ^  wlro  uf  any  given  mvfal  vsriM  diroullv  tui  ita  Inw- 
VWWJHlHBJUid  iciversvly  im  tliO  Ei(|Uaire  uf  jtit  lon(;(h.  (Clirietiv.) 

wKKKfH,  ca)iper<ni(.'licl  is  iho  Ix'st  conductor;  tben  fulluar  fVjIn 
pyrit(*»,  and  copper-glAMCO,  nil  three  of  whlrb  condwt 
yt  pilarl^  dimini-Hliing  in  power, — iron  pyrttM, 

uwuicaE  rolialt,  iKToxido  of  itiaufaDUe,  TcmuuitilA  1 
.  Fox,  .V.  £dijil.  J.  o/Sc.  4,  i6S) 
itnno-clacUio  ourrunt  of  &  «iagie  pair  of  buBBlkl*' 
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antimony  ia  very  well  coaduGterl  by  Kulphai^t  of  hUilibth,  gnleua,  Hc»le 
oxide  of  iron,  prot08ulE>hiirot  of  iron,  iroa  pyrite*,  arsenical  pyritoH,  copper- 
gUnco.  artificial  )li«ul}ihurt:t  of  copper,  ahcl  piitple  c-opper;^ — m^Jflralely 
well  by  jwroiide  cif  umiiuiLiicse  and  pefoiiJe  of  lead; — not  gcnsibly,  ^lion 
the  aarfoco  of  coutact  m  email,  by  blende,  linstniie,  protoBulpburot  of  tin, 
maguetiviroD  ore,  epecular  iron,  wolfram,  subuside of  copjicr  suliniified  after 
fueioin,  red  oxide  of  mercury,  and  cinniilmr.  It  ia  rcmarkitbto  tliiit  Mm  0* 
bdJ  Pb  O'  elioulJ  conduct  electricity  ho  well,  seeing  lliat  Mii  0  aiid  Pb  O 
do  not  tranamit  tlie  current  even  of  a  powerful  battery.  (FaraJay.) 

Imperfect  Conduciori  or  Semi-conduefora, 

a.  Solitlt.  Clijilk  and  otbor  minerals,  earthenware,  Piilphuret  of 
molybdenuDt,  and  tin  pyrites. 

Mitrekanitc  conduots  electricity  well  under  \  less  freely  at  a  higher 
temperature,  and  not  at  all  at  ST'j":  moisture  is  not  tho  cause  of  tho  dif- 
ference. Similar  proporties  are  exhibited  by  common  obsidian,  iolile,  and 
many  lavas.    {P.  Ei-itian,  Po^g.  25,  657.) 

Sulphuret  of  Ailrcr,  both  natural  and  nrtificial,  and  likewise  red  sil- 
ver, condiiot  the  electricity  of  a  battery  of  20  pairs,  feebly  when  cold, 
but  more  and  more  readily  as  tbey  become  hotter,  and  at  &  certain  tetn- 
poratare  almoBt  as  well  as  a  metal;  on  cooling,  their  conducting  power 
again  doopeases.  Fluoride  of  lead  aalidided  and  cooled  after  fiiaion,  doea 
not  conduct  the  current;  but  when  heated  to  redness  it  conducts  Tery 
well,  and  fuses  by  the  heat  which  the  current  txcilce.  {Faraday.) 

b.  Liquids,  Water  wlieu  pure  ia  a  very  bad  conductor  of  electricity, 
but  acquires  considerable  conducting  jmwer  by  diseolving-  a  viiriety  of 
substances^  cvoii  such  as  do  not  conduct  of  themsclvetj,  €.  ff.,  bromine, 
ionline,  chlorine,  and  Bulphuroua  acid;  it  likewise  converts  solid  insnlit- 
toF«  (4iich  ax  silk)  into  tcmi-conductorti  by  luolBtcitiug  tbem.  (l>e  la  Rive.) 
The  conduottng  power  ^and  decompoaibility)  of  water  arc  most  highly 
augmented  by  phosphoric,  siilpburic,  nitric,  and  oxalic  acid,  potash  and 
doaa,  carbonnt^  and  nitrate  of  poto-sh,  cnrbuoato  of  i^odn,  many  other 
«alt«,  metallic  chlotidea  u,nd  iodides;  then  foUowa  carbuoate  of  ammonia; 
then  tartaric  aud  citrit  acid.  The  following  have  no  influence  on  thei 
•Conducting  power  of  water;  boracie  and  acetic  acid,  atnOiDtiia,  cyanide 
of  mercury,  sugar,  and  gum.  (Fararlay.) 

Under  a  pressure  of  30  atmospheres,  the  conducting:  power  of  Wftt«r 
does  not  iliminish;  that  of  aijUueuii  nitrio  ucid  dituini&bQS  &  little.  (CoU 
Indon  &  Sturm.) 

Oil  of  vitriol  conducta  less  cosily  than  dilute  Bnlphuric  acid;  the  max- 
imum of  conducting  power  k  posaeased  b^  &  mixture  containing  .30  per 
cent  of  anhydrous  sulpburio  acid;  an  acid  containing  20  per  cent,,  and 
tikewiae  one  of  43  per  cent,  conduct  loss  freely;  and  one  containing  64 
per  centj  niucb  less.  (Do  la  Bivo,) — Tho  conducting  power  of  watery 
lit];uiila  \ii  increa^Hcd  by  heat,  probably  because  their  doceoipoelti&a  is 
thereby  fuciiitated.    (Do  la  Kivc.) 

The  following  i^ub^tances.  which  are  non-iMnductors  in  the  aolld  0tat^ 
become  conductors  when  fused:  Iodine  (Inglis),  ice,  hydrsta  of  potash, 
oxide  of  antimony,  oxido  of  bismuth,  protoxide  ef  lead;  the  iodides  of 
potsi*(siunij  zinc  aud  lead;  protiodidc  of  tin,  prolioilide  of  mercury;  the 
chlorides  of  potassium,  eodium,  barium.  Btronliuin,  niiignesium,  manga- 
nesp,  lead,  ainc,  and  silver  ;  terchloiide  of  antimony,  protochloride  of  tin, 
dichloride  of  copper;  fluoride  of  potB$sinn>,  fluoride  of  lead  (see  the 
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■bore);  cjaniJe  of  potafsium,  eulphr>-ejiuDjde  of  potuBinnij 
jpbospliiatc,  chlorate,  oitratet  eilicate,  mang&niite,  cbroowte  M<1  b«diM> 
loale  nrpot.t?b;  carbonnto,  borate,  pl)OFph»t«,  »nd  qiU«t«  of  sodA;  ftltM* 
of  baryta  ami  nitrate  of  atrontia;  aciJ  pbospbate  of  Jime  {PKo^JUr-gUl^ 
borate  of  z\r-Q;  Ixirate,  pbi>i-phate,  siiSjikLte,  and  nilmto  of  lead;  pkMplaii 
aa'I  nitrate  of  copper;  sulphate  of  mercuty  Atid  tiitrsta  of  slnr. 
(  Fara'IaVf ) 

Tb«  dcooniposiliiUCy  of  liquids  by  the  eWtrtc  oarrCDt  aa  ooaii4cl«<l  «iA 
tbeir  conducting  poTrer  will  be  CJinaidercd  further  ou, 

c.  A  ir  rarefied  by  btut  or  oxhaustion  li  ii  cotiil actor.  The  mote  ohb- 
ptctety  the  space  abore  tlie  merciitial  colniun  is  fri-td  from  air  aod  tijmv 
of  inorcury,  the  fainter  ia  the  light  produced  by  electricity  passing  tiimo^ 
it.  (H.  Davy.)  The  moat  perfect  vaciiiiiin  obtainable  by  the  air-panp 
dbdi  not  conduct  nearly  8o  well  as  metals:  wben  the  metallir  ronjiirtan 
are  placed  at  a  considerftble  distance  from  one  another,  the  elwtficiij 
docs  not  pass  through,    (Harria,  Po^ff.  41,  1*9.) 

Tho  Torrlcelliati  rscuum  does  not  coaditct  the  carrent  of  a  Toltiie 
battery.    (MasGon,  Iiiatitui,  A'r,  24fl.) 

The  current  of  a  single  pair  of  2inc  and  copper  plates  in  mier  acidu- 
lated with  Gulphanc  acid  passes  slowly — as  may  be  seen  by  the  dpoomp*- 
aition  of  iodide  of  pot&ssiuni  introduced  into  the  circuit — Ihrot^  Ibt 
fliinio  of  charcoal  urged  by  tbe  bi-llows,  thcit  of  hydrogen  g>e.  co»l 
aicohdl,  and  etber,  even  when  the  jnetuHii;  cgmUictor?  are  placed  1^  nek 
jijiart:  it  pivsse*  tbrtiugh  the  cliarcoal  tlame  more  ea.sily,  aod  throDsh  tii* 
of  coal-gas  less  easily,  ihnit  througli  the  flame  of  alcohol.  DuC  even  vith 
a  battery  of  20  pa.ira,  the  current  is  vi?ry  foeblc,  tbo  tension  of  the  pJt 
snfTering  no  diminution,  bctcauae  tbe  eWtricity  is  ^^nemted  factor  tluu  it 
is  carricrl  off.  Flftnic  eo^ndHcts  poeitivo  electricity  letter  than  aegialin 
electricity.  Hence  tbe  conduction  ia  more  complete  when  the  ucaiin 
wire  IB  wound  into  a  coil,  and  its  snrfiice  thereby  mude  Inr^or  thiui  lh«taf 
the  positive  wire.  When  the  negative  wire  is  placed  in  conljutt  with  At 
eharcml  iind  tho  poi^itire  wiire  in  tho  fltiiiie,  this  current  pusoa  M> 
freely  than  when  the  nrrnngcment  ia  made  tlic  cotitr&ry  way.  MoreoWf 
if  into  the  flnme  iu  which  tbe  two  polrtr  vriroa  arc  placed,  there  be  intlB- 
duced  a  third  wire  in  contact  witb  the  eartb,  the  tension  of  the  posilm 
polo  diiiiiiiishep,  because  the  positivo  electricity  is  carried  oSl,  while  llat 
nf  thQ  nc<gntivo  pgic  increa-^cs.  In  the  heated  air  «.bore  tbe  Bum  of  n 
Argand  spit-it-lamp,  un  cQtidiiQtiioii  trikc^s  plaee  fri:ini  one  wire  to  KOOtkt; 
but  if  tho  uegatiro  Tvire  bo  cuuEiecled  with  the  hrasn  cylinder  of  the  Uflf 
ami  tho  positive  wia-e  wound  into  a  spiral  form  aad  introduced  inlotbi 
hot  air  above  the  fianio,  cotLducLiun  tv-ill  take  pki£«, — btit  not  when  df 
wires  are  arranged  in  tho  contrary  way,  ou  account  of  tho  diHicoIt  c«- 
ducliun  of  the  negative  electricity.  (Andrews.) 

Kan-^nJfictan,  Inttiiators  (Faraday's  Dideelrtc  Rodia), 

a.  Solid*.  Diamond,  boron,  pbosphonis,  sulphur,  aelentum,  iodine,— 
•ulpbarot  of  nmu^ncse;  zinc-blende,  bignmtb-glnncc,  cupreous  blsntiii 
oinimbar.  JFox.) — Ked  le,nl,  eulphuret  of  lead,  black  oxide  uf  in.n,  pm 
TXtrioI.  oxidfi  of  cwppcr,  c^Tiuido  of  mercury,  cyanide  uf  silver  (^eelij 
iRHitPin),  eharc»al  from  oiik-wood  (Wulckcr),— tbe  etibtitnnceA  enw 
ou  pRffo  an  ail  heeoniing  cuudiictoro  when  fiisvit  (fAradftj), — wL 
^bLblo  AbroM.  silk,  wool  and  bair- 

fulluwing  aubslauc6a  »re  nou-condnctore  both  in  tlio  aoliil  and  B 
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the  fused  etatu:  plioapborne,  eiilpbur,  boracic  acid,  green  glaes,  iodide  of 
Eulphur,  LiDiodide  of  tin,  rculKi^r,  urpiment,  ^lii^isl  CLC^iic  acid,  a  mixloru 
of  tallow  and  oleic  acid,  camphor,  na|>litl)al«iie,  artificial  campJior,  tullow, 
cocoa- flit,  fiperniaceti,  conmyn  rcein,  8fl.ndi»nic,  sliellaCj  sugar,  and  culTeiji, 
(Faraday.) 

b.  Liquids,  Besides  those  aboT3  en  a  to  era  ted :  brominG,  cblorioe,  and 
aulphuruufi  acid.    (De  la  Rive.) 

Terchloride  of  fbrseniic  iliicI  its  hydrate^  aud  bicblni-iile  of  tin.  (Fam- 
day.)  Olivi>oil  conducts  tlie  electricity  of  a  Zamboni's  pile  less  quickly 
than  otlicr  fat  oils:  solid  tallow  doe^^  not  conduct  so  well  as  oily  fut;  aud 
BoUd  animal  fut  more  sluwly  than  the  sanio  when  liquid.  (Rouaaean, 
Ann.  Chim.  Phffs.  25,  a73.) 

Ettistic jiui-ds.  Air  and  all  other  gaeee  under  the  ordinaiy  atmos- 
pheric preBaure  and  at  ordinary  tomperaturca,  are  perfect  liieulatora. 
Tliey  cuuduct  so  much  the  more  quickly  as  their  deuaity  is  diiuiuished. 

A  condu'Ctlng  body  uurroutided  by  noii-floudijctora  ia  etiid  to  bo 
IittulateJ. 

IT  Outta  Fercha  bos  lately  been  t^hown  by  Faraday  to  be  one  of  the 
best  among  son-coibdluGting  bodiee,  it^  inaalatlng  power  being  fully  equal 
to  that  of  shellac.  It  niay  bo  used  iu  the  form  of  eitber  elieot,  rod,  or 
fiianient.  When  formed  into  cyliiideriS  about  balf  an  iuch  in  diameter,  it 
forms  excellent  insuiatinj^  pillars;  and  in  the  form  of  lino  threads,  it  is 
exceedingly  convenient  for  insnl.ltin^  'ight  bodies,  audi  as  featbere,  pith- 
baJts,  A  slieet  uf  it  ia  easily  convertetl  into  an  efectropborus,  or  it 

may  bt^  coated  and  used  as  a  Leyden  jar.  When  rubbed,  it  shows  nega- 
tive elftctcioity. — All  specimens  of  gutta  percba  are  not  equally  good  as 
insnlators.  The  cnt  surface  of  a  pioco  which  insiilatca  well  has  a  resiiiou3 
lustre  and  a  rompK-t  charaoter,  which  m  very  dieitinctivo;  whilst  thnt 
wbicb  conducts  haa  not  the  eanio  degree  of  lustre,  appciire  less  translu- 
cent, and  has  more  the  aspect  of  a  turbid  ^olntion  eulidiiied.  By  heutin<; 
it  in  a  current  of  hot  air,  ae  over  the  chimney  of  a  low  gas-flanio,- — and  then 
etretclitng:,  doubling,  and  kneading  it  for  a  time  between  the  Engers,  na 
if  with  the  tntentiuu  of  dissipating  tliQ  moceture  within,  its  insulatin^^ 
power  mav  be  made  equal  to  that  of  the  best  epeciuieiis.  {Pftil.  Mag.  J. 
32,  163.)  ■  IT. 

For  methods  of  determining  the  conducting  power  of  bodiea  for  elec- 
tricity of  small  tension,  vid.  Wolljwton  {thil.  TraTU.  1823,  20);  Rous- 
eeau  {Ann.  C'him.  25,  373). 

TLo  difference  between  conductors  and  insulators  is  one  of  degree 
only.  Electricity  of  bifjh  tension  like  that  developed  by  the  electrical 
machine — and  in  a  Icsa  diigi'eic,  thjit  of  a  voltaic  battery  of  150  |»a.irs  of 
plattfl — 18  conducted  even  by  ice,  and  atill  better  by  iodide  of  potafisiuni. 
The  cumniunieation  of  one  kind  of  electricity,  cither  to  conductors  or  non- 
conductora,  first  produces  a  polarization  of  their  partirlea,  a  peculiar 
electric  dietribution,^60  that  the  particle  aituated  next  to  tlio  one  at 
whScb.  the  electricity  cnterB,  takes  uj)  the  opposite  kind  of  clecLricityf  the 
next  panicle  the  electricity  oppoaito  to  that,  and  eo  uu  throughout  tlic 
whole  masj.  Thia  produces  a  dihchiirge  of  electricity  between  the  neigh- 
bouring particle*:  the  Eooner  this  takfs  place,  and  the  emaUer  Ihc  electri- 
cal tension  reqnired  to  produce  it,  the  better  does  the  body  cuaducl;  the 
more  dowly  the  discharge  take^  place  and  the  higher  the  tension  reijuircd 
to  produce  it,  the  better  doe«  the  body  insukte.    Conductors  cuunot 
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rBtnain  permajietitly  polarized;  iusuliiton,  on  the  olher  h&ad,  rctun 
polarlzeii  cooditiua  firmly,  (Fu-mdny.) 

3.  Th»  two  el^triciiiov  exist  >n  bodies  in  tliB  Ata.t«  of  KMI;  Of 

of  motidiD. 

a.  Af  rest.  V^ehioiB  Slaiiml  EUdrkity. 

a.  Eitlicr  poattive  or  negative  electricity  may  bo  accumahiteil  ta  I 
latod  conduciors  in  vari&us  <)iiaDtitiea.    The  f;rcat«r  thU  q  usjilily  IB 

Sortioii  to  lltB  surface  of  tlio  conductor  (it  is  iiiimatBrial  wij<^tLer  tha 
actur  be  liullot?  or  tiulid)  the  ^i-eat^'r  if*  the  eleclrictil  Inlentitif  or  TVaifaa 
of  tbe  oonduotor,  and  tlio  atmngor  ths  efTort  which  tho  electricity  makm 
to  lenro  tlit;  cuiiductor  aud  uoito  with  tho  opposite  e>lectridty  in  it«  anih- 
boiirhood;  and  tlija  greater  tt!D.sian  prolmbly  glvetj  rke  to  mon  i&pid 
motion  wh«D  the  eleotriaity  is  ootidiioted  awny. 

&.  In  an  Insulator  ths  two  liinda  vi  eleotrioity  aro  alwaya  presenl  at 
the  soma  tin)&,  b«cau»e  the  acciiinuUtioo  of  one  electriciiy  at  a  pniticuUr 
poiut  q{  *u.ch  a  body  alwayg  «itiee9  ijy  polarisation  tlio  appcaraaiw  of  lb* 
uth^r  tjlactricity  a.t  the  opposite  point;  and  tlie  tension  uf  the  two  cWclri- 
cities  is  higher,  the  greiitor  their  quautity  iu  proportion  to  tbe  aqrfMv;— 
they  also  adhere  to  the  inaulator  very  strongly,  so  tliAl  Iboy  cjin  only  )m 
giadimJIy  removed  by  condiictora,  unleSB  the  latter  touch  ttw  wbole  rar- 
HM  of  the  insulator. 

b.  In  Afitioa,  Peltier '«  Dijnami'^f  Eitciri^ity.  The  two  «leolri«)tiai 
issniiig  from  two  sources  or  two  couductui-a  chiirgt^d  with  them  idmI  in  * 
conductor  and  combine  together,  and  tbua  produce  ah  SU^rical  CWnaL 


CHEMICAL  RELATIONS. 

!.  ReLATIOKB  of  THB  two  EXECTRICITIES  TO  OMB  AN'OIUBB. 

Tbe  two  electrieities  bavo  a  very  great  affinity  for  eacli  othw, 
,  exert  a  powerful  tendency  to  cofnhino  together.    From  flioir  roiiibinatiaa 
resnlta  Lateai  or  Quimcnl  EltdrkUy,  which,  according  to  tUo  clediv- 
chcmica.1  theory,  is  nothiog;  else  than  light  auit  hcat. 

By  vnrioHs  causes,  the  hitent  electricity  in  hoiltea  m  reaolveil  iau> 
tive  aod  uegative  olcctricity,  which  are  set  frco  at  rorioua  poiuts. 

1.  Comlination  0/  the  two  Electricitiet  mih  tach  otkeir. 

When  »  body  in  which  positive  electricity  is  Hocatnulntod  ta  bra 
near  another  char^.'ud  with  negative  electricity,  tho  two  f^K^ctriciljei 
bine  together;  and  If  tboy  nro  present  in  ti^\\B.\  ctuantitiee.  both  botfiti 
ap|K?ar  pcrfwlly  neutral  after  the  t-onibinntion  bna  lakyii  plat«,  7lf 
lieonibinntioD  ia  attended  with  tbe  develu^inient  of  lii;hl,  hont,  uud  tnaffBMif 
phi-'oomeiin.  InsnUtora  which  oppose  the  oombinatiuii  are  ofl^in  vioToalhr 
torn  iLsVinder. 

Tho  tendency  of  tlio  two  electtioiticfl  to  unite  shows  itwif,  wb«n  ife 
two  hndtes  in  wfiirb  they  oii^t  are  moveable,  in  an  approxhiifttion  of  iW 
bodioc  theniHclves:— Bodies  oppoeitelj  electrified  attract  each  otfavr. 

If  the  ivru  bodies  «re  setwrated  b^  s  thiu  film  of  a  non-soadiwlar,  tk 
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two  eleotticitiea  break  through  it — proviJed  (hey  liftvo  auOiciont  tension 
—and  a  spurk  ia  produced  accrompanied  by  a  lioise.  {Etceiric  Shad,) 
Tie  duratiou  of  an  electric  apatk  is,  according  to  Whi'iilatotia,  only 
sodocid.  If  lite  iioti-coodiiotfir  be  solid,  lils'i?  gliiss,  it  is  pierocd;  the 
saiiu:  o^ect  ta.li09  place  even  with  semi-conductora  and  jEfoodcondiictnri^ — as 
with  a  «arJ  or  tinfoil— wlien  tlioy  are  sarrouuJed  with  air  and  jdacod  in  a 
thiu  fihii  betWGBn  tlie  two  oppoaitely  electrified  flonduotora.  When  ji,  card 
18  pierced  in  this  way,  the  edgcB  of  tlie  hole  arc  ofton  rained  in  the  diroiv- 
tion  uf  butli  conductord^  ppsitive  m  well  a»  negative.  Tinfoil,  according 
to  Moll  (J.  Pkffs.  80,  38ti),  often  eihibita  two  lioloe  with  ibeir  edges 
turucd  in  opposite  direotioua,  tie  if  the  positive  electrioily  had  gouo 
Hirough  the  one  and  tbe  ne^tive  through  tho  other. 

Ttie  light  of  the  spark  is  variously  coloured,  pnrtly  not^ording  to  the 
deofity  of  tlie  clastic  medium,  partly  according;  to  its  peculiar  nature. 
(H.  Davy,  Ann.  Ch'm.  I'h'jr.  20,  168:  Orotthuss,  AVAip.  14,  103^ 
Fanwky.) 

When  the  conilnniition  of  the  two  eloctrieitiea  lakes  plaflo  through  a 
conductor  hrou{;ht  in  contact  with  bvth  the  electrified  bodies,  and  tlie 
quantity  of  the  cumbiu  in  if  electricities  is  considerable,  the  conductor  becoiiiea 
heated  to  the  most  >'ivid  incandesce  nee,  and  fusee.  Platinam  and  iron 
■wire  fuse  in  the  cirouit  of  fi  powerful  TollRic  battery;  if  tin?  wire  be  im- 
mereed  iu  water,  the  water  hoiU.  A  given  ([uantity  of  comman  electri- 
city heats  a  wire  to  the  same  degree,  whateA'er  may  bo  its  int«usity, 
(Harris.) — Curri'nts  fro^ni  difloreut  voltaic  Imtterios  which  produce  efjual 
aeflections  of  the  magnetic  needle,  misG  tho  teTiipemturo  of  the  roiidnct- 
ing  wiru  in  the  sanio  degree:  if  a.  wire  01  metre  in^  lettg-th  products  a 
deriation  of  20",  and  becomes  heated  10°,  a  wire  aeveml  metres  long 
will  bIho  have  its  temjioratiirc  miecd  ]  0",  when,  by  a  proportionate  increase 
in  tho  power  of  the  battery,  its  deviating  jwwer  has  been  made  equal  to 
20*.  With  the  aama  wire,  nn  augmentation  in  the  power  of  the  buttery 
raises  the  teraperatare  in  a  higher  proportion  than  it  increases  the  de- 
flecting power;  when  the  deflecting  power  ia  doubted,  the  degree  of 
heating  is  trebled,  With  wiree  of  different  thicknesses,  the  beating  power 
increasefi  more  rapidly  tlinn  the  tran.svert^e  isection  fliniinishee;  when  ihe 
latter  ia  reduced  oue-half,  the  furinor  is  increiiscd  throe-fold.  (Peltier.) 
If  the  connecting  wire  of  tlie  voltaic  battery  eoneiiste  of  three  pieces  of  pla- 
tinum ami  three  picce^i  of  slIvce  soldered  togt?ther  alternately,  the  platinum 
alone  tiecoinee  red-hot.  If  a  platJoutii  nnd  a  silver  wire  nre  couneetud 
together,  the  platinum  becomes  red-hot  before  the  silver;  so  likewise  pla- 
tinum with  zine  or  gold.  When  platinum  is  joined  with  tin  or  lead,  the 
latter  metaU  fu^  at  the  junction  before  the  platinum  becomes  heated  to 
rednees;  bat  even  in  this  ca^ie  the  greatest  rise  of  temperature  takes  plaoa 
in  the  platiriuEu.  When  ptatinum  and  iron  are  united,  the  platiotini  bo- 
conioa  first  incandescent,  then  the  iron  more  strongly  thau  the  platinum. 
When  iron  is  united  with  gold  or  aine,  tho  iron  liecoraea  incandescent. 
Zinc  ia  more  strongly  heated  than  silver,  copper  more  strongly  than  gold. 
The  more  slowly  mcttils  conduct,  the  more  intensely  do  they  become 
heated;  and  according  to  these  experinients,  they  succeed  one  another  in 
the  following  order,  beginning  with  the  best  eonductore:  Silver,  ziuo, 
goldj  copper,  iron,  platinnm.  At  high  tern perat urea,  iron  seems  to  con- 
duct leaa  easily  than  platiniiiu;  for  after  the  action  has  continued  a  certain 
time,  tho  iron  beconica  the  more  incao descent  of  thw  two.  (Children,  I'JiiL 
Tr.  1815,  363;  also  Schie.  16,  359.)  If  a  concentrated  solution  of  ehlu- 
ride  of  calcium  be  connected  with  the  positiTe  pole  of  a  Jitrong,  tiKw* 
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battery  by  a  thick  wire,  ami  with  the  Degatire  pole  hy  a  Uun  wire  *4 
liJatiQuin,  tte  latter  hccotncs  incaudescent,  fuses,  and  rails  into  tbc 
tton  in  drops  whicli  foJlow  one  another  vijry  quitklv;  I>iit  if  tlip  tfiiii 
wire  conveys  the  positive  electricity,  it  ignites  bnt  does  iiot  fo^c-    (Haiv.)  i 
—A  imctal  becomes  the  more  atrongly  heatetl,  tlie  raore  slowly  il  tnt-  I 
duets  and  the  less  capacity  it  hns  for  lifiat.    (flicsSf  -Po^y.  44,  76.) 

If  a  zinc,  wire  be  soldered  to  an  iron  or  copper  wire,  tbe  point  of  jurn^ 
tion  becciiiea  more  strong'ty  heatwl  wheti  the  eiuc  is  connected  with 
iiegnliv(3  that)  ^vlieti  it  ts  Connected  with  the  positive  pole.  If  the  rmn- 
jiouiiil  wire  consifita  of  copper  and  bismuth,  tho  Junction  Wcoidps  WsifJ 
when  lliG  copper  ia  eonnected  witli  tbc  pofiitirc,  but  cooled  whcii  Ihkt 
mctiLt  is  in  cunueclion  with  tbe  D(?giitive  pole.  The  opposite  relnlioD  » 
eshibitc;d  when  copper  is  united  with  antiiuoav,  the  cooling-  taking  yita 
when  the  Cii)pper  toiicbeH  the  pcit<il.LV0  pole.  Autimony  and  bismuth  ^tc 
the  Etronjj'est  r.tr!atl«iia  of  temperature,  exhibiting  a  riso  of  temperaturo  M 
the  junction  nhcu  tbe  poK^itive  electricity  prDL-eeds  fruui  the  tuitimonv.ud 
a  full  i]i  the  contmry  case, 

[M:iny  metnJa,  especially  ontjuiDuy,  appear  to  condiKt  poaLire  lirila 
than  negative  ek'ctrimty;  others,  particnlnrly  bismuth,  freem  to  be  man 
capable  of  conductinj;  negative  electricity  tbao  poaitive.     When  uitinioiiT 
is  conn eettd  with  the  positive,  and  hisnintSi  with  tbe  ne^tivc  pole,  tM 
former  conducts  positive  and  the  l^itt^r  negative  electricity  to  the  jaoeti«B, 
M-hich  becomes  heated  from  the  combination  of  the  two  electricitic*;  b>t 
wlicii  the  antimony  is  connected  with  tbe  negative  pole,  the  lieat  rtf  tif 
junction  is  resolved  into  positive  electricity,  which  pa^se^  on  to  Ihv  otf^ 
tive  pole  tlimu^'h  tho  antimony  which  conducts  it  hiost  frerlv, — 
iiegatirff  electricity  which  piissea  on,  through  the  bismuth  wliidi  ',' 
tho  readiest  paHsage,  to  tho  positive  pole.    The  c«niljinatioii  of  ii 
electricities  aud  the  consequent  devetopment  of  lioat  Uako  piiicc  when  tfce 
untiruduy  touches  the  negiitive,  and  tho  bi:sniutli  the  positive  potc;  Int 
thejiiiiftiijii  is  cooled  by  tho  dccumposition  of  n  portion  of  its  heat".] 

The  ccmling  of  the  junction  amounts  to  3°  E;  water  ptaecd  in  s  bale 
innde  ut  that  point  Wcoiiies  frozen  in  live  ininutes.  If  the  rod  ha«  t«en  pre- 
vioufily  enoicu  down  to  0".  Wheiv  the  experinieDt  ia  continaed  for  > 
longer  time,  tlio  temperature  of  tho  Junctioa  again  risoe,  kecaoM  th> 
biBmuth  becomes  gradually  licnted  (much  sooner  thiin  the  antimaDj,)  tai 
coinniunicfttes  its  (cmperatuce  to  the  junction.  (Lena,) 

IF  the  copper  wims  connectini;  the  poles  of  a  UanieU's  batlerr  of  IM 
pairs  be  j^adually  sej)av:]tGd  to  tbo  distance  of  or  ^  inch,  the  oloctnca} 
current  will  pjisa  from  one  to  tho  other  iu  the  form  of  a  luminous 
(prubsibly  carrying  iSne  particleit  of  the  condnclot  along  with  il).  Tbt 
lositive  wire  atone  heconLCS  incandoBcent.  Sltnilfir  pheitonieiiia  ara  cx- 
libitod  by  brans,  iron,  and  jdfttinum  wires.  {Gaesiot.  I'/tH.  Afig,  J,  \t 
436;  aim  Poijg,  AG,  ^30.)  |^Thit«  eeoins  to  show  that  the  iiogutive  rlte- 
Lricity  of  tho  lumiiiDUs  arch  ih  conducted  nion*  readily  than  thv  |wsjti*t 
electricity,  and  that  cousttpieutly  the  two  electricities  conibitie  t«^«lbt 
in  the  wire.] 

Chnreool  placed  between  tbe  polos  of  the  deflagnitOT  etnita  mi  wm^ 
light  lie  IflOO  candlea,  (Hare.) 

If  tho  direction  of  llio  coniJucting  wire  la  from  North  to  South  asJ* 

*  All  rrniriTki!  melatcd  within  three -ceriiered  brarkrlt  ronuiii  explanattotis  ».r^- 
ini;  to  Ihr  aathnr'a  llicary  gixen  in  Pogg.  \A,  1,  whkh,  vihrtbrr  rstaltli^lml  or  not.  ml 
■i«r*«  RJi  n.  guule  tu  rnudurt  iii  llirough  ihc  ^lufti'C  regiaa  of  tbe  tbcury  of  i  lii. 1 1  li Jj 
Jiowmr  tnucli  it  nay  Icrvc  uucxi>luiird. 
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ma^etic  needle  is  pIa:CeJ  in  its  nc^iglibourliaod  tind  piirallc'I  to  il,  the 
needle  cliangea  its  direction,  even  wlien  tbis  dectriciticB  wliich  nro  t'«iii- 
bining  Lii  tlie  wire  liavo  but  ci  very  feeble  tensioa,  provideil  onl^  tbcir 
quantity  bo  siilfieiently  grLiit.  When  tha  positive  electricity  CDters  at 
tbe  iiuttli  end  of  the  wire  anJ  tlio  iie^tive  electricity  at  its  muiU  end, 
and  tlie  magnetic  necJle  ia  placed  nboro  tbc  wire,  th@  uurtb  pule  of  tbe 
Ti€«dle  tiimd  to  tbe  west;  if  tbe  iicedlu  is  below  tbe  wire,  its  am-th  polo 
tiime  to  the  cast.  If  tbe  ncodio  is  plnced  on  tlio  saiiio  level  n  itli  ths 
wire  and  'lu  'Ha  eii^tern  siilo,  tlio  nortb  pule  moves  upwards;  but  the  smne 
jifile  acquires  n,  dowmvard  motioH,  when  tlie  needle  is  plnced  on  tbe  western 
eide  of  tlia  conductor.  We  may  imagiuG  that  HiQ  twy  electricities  movei 
tbrciQgli  tUo  wire  towards  one  ancithur  in  spiral  lines,  tlie  poailivo  electri- 
city iiioviiig  to  tbe  riglit  nuJ  diaturbicig  tbe  nortb  pole  ot  tlifi  magnetic 
needle,  tbe  negative  electricity  turning  to  iLo  left  and  disturbing  tbe 
eoutli  pole.  {0er3ttdt.}—-0ne  pole  of  a  nioTcable  magnetic  needle  revolvee 
coneCiuitly  in  one  direction  round  a  wire  conveying-  a  current  of  electricity, 
— and  witb  udiilercnt  lirrangeuient,  the  otlicr  jiolc  revolves  in  the  coii- 
Irury  direction.  (Karaday.)  A  nietiitlic  wire  twisted  in  tlio  fomi  of  a 
belir  bebtives,  wbilo  an  elcetric  current  is  riimiiug  tbrougUi  it,  exuctly 
like  a  inugnct,  Ebowiiig  a  uorib  pole  at  one  end  of  tbe  belix  and  a,  ^eutli 
pide  at  tbo  other.  (Ampere  &  Arago.) 

The^c  eSecta  are  Uett  exhibited  by  voltaic  electricity,  on  nccouat  of 
its  greater  ^[uantity;  but  contmon  eleetrielty  likewise  neta  on  (be  ntngiict, 
wben  it  ia  conveyed  from  tbe  conductor  to  tbe  wire,  not  in  sparks,  but  by 
fine  points,  or  d»mp  tbrcjids,  or  rdrcGcd  air.  (ColUdop, -fo^7.?.  8,  33G ; 
Niirrenberg,  Zaittch.  Ph.  vtalh.  3;  Famday.)  Ei|Uttl  quantities  of  eleo- 
trictty  eonibiuing  together  in  tbd  wire  in  tbe  same  time  produce  cqUA.1 
effecta  upon  tlio  nm^uct,  whatever  may  be  tbeir  t^n«ion.  Hence  the 
deflection  of  tbe  ncc'lle  shows  the  absolute  quantity  of  electricity  -wbich 
13  parsing  ibL'uiigh  tlie  conductor.  (Fnmdiiy.) 

The  Effxlrical  Mullijylirr  or  ijnh'a-jiometer  invented  by  Schweigger 
conaifits  of  Ot  magnetic  needle  (or  of  euveral  needles  fustencd  together 
witb  tbcir  opposite  poles  placed  over  one  another)  euspeudcd  by  a  deli- 
cate thread  and  surrounded  by  lOO  or  several  hundred  coili^  of  a  copper 
wire  covered  wilb  silk.  By  thia  nrntngemout,  the  elcetric  current  is  made 
to  circulate  many  times  round  tbo  needle,  and  the  eQ'ects  of  it^  several 
parts  becoiiio  added  logetlier,  so  that  a  very  small  quantity  suffices  to 
produce  deviatiou-  (Scbweigg^er,  S'-hw.Sl,  I;  32,  320;  Oorstedt,  Sdiio. 
52,1-4;  Norrenborg,  ZctUckr.  Ph.  MatJt.  3;  Becqiierel,  Pogtf.  2,  201?  J 
Nobili,  8,  338;  20,  213;  Nervander,  Ann.  Cfiim.  Ph'j*.  55,  150.) 

The  electric  current,  besides  ita  dtviittint^  or  dijtccliny  aetion  on  the 
magnetic  needlei  likewise  cxbibila  a  irut-jneliihii/  action:  Tf  the  wire 
through  wbleli  the  current  passes  be  twisted  in  a  spiral  form  round  a 
mass  of  iron,  the  latter  will  bcconio  atron^ly  magnctie,  as  kmg  aa  the 
current  passes  tbrongb  the  wire.  Steel  likewise  retains  n  part  of  the 
mognotisni  thus  developed  in  it,  after  the  current  has  ceased.  A  ateel 
wire  ol^io  becomes  magnetized  when  placeil  outside  tbo  helix  iind  parallel 
to  it,  but  ttie  ningiuni.'rin  thus  excited  in  weaker  and  the  direcltou  of  the 
poles  is  the  reverse  of  that  rn  tlie  former  position  of  the  needle.  The 
elcciro-magiictic  actiou  is  not  prevented  by  surrounding  tbe  needle  by  a 
glass  tube.  (Ampere  6i  Arago.) 
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2.  Decomposition  of  Latent  Siecfrieitt/  {nta  itt  two  oppotitt  JbuMl*. 

wlopJMnt  fif  EUctricitif. 

A.  Electricilg  hif  Induction. 

When  aeonduetop  is  charged  with  one  kind  of  electricity — positire  fur 
eiamplo — 'ia  separated  from  anotlier  containing  only  latent  electricity,  by 
a  Bon-conductoP  such  as  air,  giflsa,  vaniish,  &c.  the  tendency  of  the  puej- 
tive  electricity  of  tlic  first  coriIucLop  to  conilMJie  with  the  negative  fle*Ui- 
city  of  the  second  causes  tho  latent  electricity  of  tlie  liitter  to  be  n*(Jvfid 
into  its  two  piirts,  the  ncgatfve  electricity  going;  lowiirde  that  ]  ' 
the  aocnnd  conductor  which  is  neareet  to  tlie  tirst,  Tvhilst  the  j  i 
electricity  ap(>ears  in  the  free  ^tate  at  tlie  other  end. 

Since,  as  ayipcare  from  this,  one  kind  uf  electricity  dovelopes  the  ojipo- 
Bito  kiad  in  a  tody  containinf;  only  latent  electricity,  and  endeaTour?  l4 
unite  with  it,  it  folluwa  that  t^lectrilied  boiiiee  will  nttract  even  lliuw  id 
which  the  electriuity  is  wholly  latent.  Hence  two  easily  uiov«,bl« 
bpdiea  aiispenctcd  in  air  iippeur  to  ropel  OUQ  aDothcr*,  becnuea  thov  uv 
nttnictcd  by  those  particlos  air  wbith  have  not  yet  received  auy  cluo- 
trtcity  from  tlic  hodica,  and  fire  therefore  in  a  condition  to  supply  tfiO 
Opposite  kind  uf  electricity-  Tlii>^  tukes  plnce  tho  grctatest  exteat  witb 
thotifi  particles  of  air  which  are  situated  beyond  tho  two  ^loctriBW  bodtM^ 
and  least  with  those  liclwten  them. 

When  the  teuaion  of  ihc  positive  ohictricity  in  tho  first  COTiductor,  abJ 
of  the  negative  electricity  thereby  developed  in  the  second  becomes  «iitt- 
ciontly  great,  the  two  electrieittea  nmke  their  way  through  Cho  inlcr|M(tcJ 
non-cwnductop  in  the  form  of  a  epark  (tho  flQ-ciilfcd  simple  ffectric  *p<trl), 
or  of  a  luminous  hruEb,  and  combine^ — and  both  cuniliiclnrs  siiliwt|ui>nt]r 
contain  an  cxcosh  of  positive  electricity  of  leas  icusiou  than  that  whicl 
previously  existed  in  tho  first  conductor. 

If,  before  this  couibinatiun  takes  place,  the  positive  end  of  tho  Mrnnd 
conductor  be  connected  with  tho  ground  by  nicnns  of  another  con  l;   '  - 
the  jjusitire  electricity  passes  away  (o  the  earth,  while  the  lu  ^  . 
remain^  in  the  tieeond  conductor.    Ihla  is  the  priuuiplu  uf  the  EUcirj- 
phvrua,  the  Condenser,  and  tho  Leyden  Jar. 

B.  Afa^neUhUlectricity. 

If  either  pule  of  a  magnet  be  thrust  withim  »  inetnUio  spiral  couBtdW 
with  a  galvauometer,  a  njo^mentary  ileviatiou  of  tb&  noeifle  will  bo  pj«« 
duced,  the  nvrth  aud  eouth  poli<g  of  the  nuignot  producing  (>p|io*ito  emcbb 
If  A  huraosboe  magnet,  or  a  horseclioc-fornitid  keeper  l«^ioDj;iii^  lo  it,  k« 
Qiirrnunded  with  silk-covcrod  wire,  and  the  two  ^sharpened  eada  pf  Uw 
wiro  ninalgaiuated  and  made  to  touch  each  other  loose ly,^tjien,  on  «tid* 
(lonLy  putllog  the  keeper  olT  the  magnet,  an  electric  vpmrk  will  ftm 
hetweeu  the  ends  of  the  wire  as  they  are  trepnrat^d  froui  ono  kQ«tlMt 
the  jerk.  (Faraday.)  In  the  Mtiijtttto-ihctfk  Machine  of  Pixii,  Sutotp^ 
Ac,  the  horseshoe-fornicd  keeper  ia  Burmunded  with  wire,  ami  tho  bnnw- 
»h[>e  magnet  Is  made  to  rutnti^  rupidlyi  >  thai  its  twu  poles  •IccrnaUl/ 
approach  the  twu  emle  of  the  keeper.  The  direction  «iif  tlio  eumot  b 
the  spiral  la  reverued  with  each  lialf-revolution;  but  by  means  of  tin 


*  Tlie  bodies  are  of  ociQfM  luitpoaed  lu  be  nmil&rly  electrized.  (V\'.] 
1'  TtkU  ler}-  clumi)r  iiraugcment  •oon  frll  jnio  diiiuse:  in  all  MWmctlt'thtllifc 
jBldtlxm  at  prmnt  uicJ.  tlii:  in*inet  i>  f<\^  ond  ihe  keeper  rrfglm.  L^.] 
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Commutator,  matterfl  mnj  be  so  arranged,  that,  as  the  electricity  issues 
from  tlie  eitremitiea  of  tCe  gpim-l,  ibe  poBitive  electricity  may  he  coiii- 
muijicftted  to  one  conductor,  and  all  the  negative  electricity  to  another. 

Indueiion. — Two  helices  of  wire  covered  with  silk,  gumlac,  or  caout- 
obonc,  and  wound  in  the  e»ii)o  direction,  are  placed  pamllet  to  eanli  other 
or  one  within  the  other.  If  now  au  Gtectdn;  current  be  passed  tlimugh 
one  of  these  helices,  the  primary  helix,— theu,  nt  the  lirBt  instant  of  ita 
paaesige,  a  current  in  the  opposite  direction  will  bo  developed  in  the  other, 
the  secondary  helix:  and  at  the  moinentwheti  the  cnrrent  in  the  pnmary 
lielix  ceoaes,  a  current  will  ptus  through  the  eecond&rj  helix  in  the  eaiuo 
direction  as  that  in  the  primary  helix.  If  an  iron  cylinderj  or  fltill  better, 
a  bundle  of  thin  iron  roda  covered  with  ailic,  be  placed  within  the  Booon- 
dnry  helix,  the  current  in  that  lielix  will  be  of  conBiderable  Btrenglt. 
(Faraday.) 

C.  EkctricUy  of  CapUlarttg  f 

If  one  end  of  the  galvanometer  wire  be  connected  with  a  platinum 
spoon  containing  a  liignid,  the  other  with  a  pair  of  fitrccpa  holding  a 

f orous  body,  un  electric  current  la  set  up  oa  dipping-  the  hi>dy  into  the 
ic{uid,  anJ  continues  till  the  body  is  conipleLely  »ituraCed  with  tho 
licj^uid.  With  hydrochlurtc  or  nitric  acid  and  spongy  pi ELtiniiin,  positivoi 
electricity  ^ocs  from  the  platiniiiu  through  tho  j^ulvanonieter  to  the  nctd; 
with  nitric  or  dilute  aulphurie  acid  and  charcoal,  the  currnnt  la^ts  about 
two  Lours  and  travels  in  the  opposite  diiecti'j'U.  ( UeL-cjiierel.)  In  tLo  case 
of  charcgal,  cbeuical  nction  tuny  be  euppoBcd  to  c;>me  into  play,  and 
likewise  in  that  uf  the  plitUauni  when  it.  not  been  very  glrongly 
ignited,  (Gm.) 

O.  ElediHeiiy  of      Solar  Rays  ? 

WliGn  the  SOD  «b)nes  on  a  perfectly  dry  glass  plate,  the  latter  bft- 
Cometi  oiectricalj  a  second  plutQ  on  which  the  light  falls  after  pa^sinj^ 
thrtiugh  ikti  GtsI  does  not  become  bo:  uQitlicr  does  heating  by  Sro  pruduco 
electricity.  (Matteucei.) 

E.  EUctAcity  of  CrydtLlt. 

Many  crystals,  while  they  are  being  heated,  exhibit  opposite  electri- 
cities at  their  opposite  cuds.  Those  extremities  whiL'h  nre  positive  while 
the  tem|>emtur6  is  risingj  become  negative  as  the  oryatal  cools ;  and  oon- 
versefy. 

Cryatal-electricity  in  exhibited  by:  Tounnnitin  (/Epinus),  topax  fCan- 
ton),  axinito  (Heard),  borudte,  prehnite  ^botli  the  radiant  and  libroua 
varieties  according-  to  Von  Kobell,  Kuan.  Arehiv.  13,  38fi).  sphene,  xiuc- 
glas,  and  mcsotype,  (Hauy) ;  (also,  aeeording  to  Brewster,  GrtMjnland  nie- 
aotyjie,  skolezite,  and  niesolite),  rock-crystal,  amethyet,  tartaric  acid, 
Rocbelle  Rnlt,  and  connnon  sngnr  (Brewster);  rhndix.ito  (bornlc  nf  mtig* 
ne«ia,  G.  Jfuec),  neutral  tartrate  of  potnsb  (Htinkel),  and  in  a  slight 
degree  by  ntilk^ugttr  (Bottgor,  /"offff.  43,  039).  Besides  these,  the  fol- 
lowing are  enumerated  by  Brewster  as  exhibiting  ctyBtal-electricity ; 
Diamond,  sulphur,  sulphate  of  ammonia,  carbonate  of  pota.<!h,  chlorate  of 
potash,  heavy  spar,  coclestin,  calcspar,  fluor  spar,  snlphate  of  magnesia, 
Aulphale  of  magnesia  and  soda,  beryl,  iolite,  diopaide,  vesuviaoj  ^rnct, 
Aualcime,  red  orpiment,  lead-spar,  green  vitriol,  ferrocyanide  of  potaeeiuin, 
currosive  sublimate,  oxalate  of  ammonia,  citric  acid,  and  acctato  ofle.nL — 
Since,  bovever,  BrcwBter  merely  examined  wbtilhcr  these  hudiee  after 
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bemg  tienteJ  in  a  flame,  eKitibiteJ  any  signs  ttf  frl&ctric  exciteneol — u 
effect,  wliieli  might  profiuei)  from  variouB  causes — the  correctneas  of  hv 
atat«tnent  \s  doiiKtcd  hy  Hankel,  wlio  oxiiinineJ  mast  of  theae  snbAuflH 
and  found  lio  s^gas  of  cryntal-eleetpicity  in  tlii'm. 

Most  of  the  cryaUiU  a-bnye  enumerated  arc  unsymmetrical,  *.  f,,  tL^ 
i^xliililt  tlilferently  formed  (acea  ai  their  ci>rrasp<)ndit]^  ends.  AloreoTfr, 
Hankel  reniairk.i  thnt  rock-cryijtal  in  the  solid  £ia.te,  and  neutml  tartaCc 
of  iicrtaeh,  Rochello  salt,  ucd  cunimou  fiiigai,'  in  the  Etat«  of  solntioa,  an 
paiil  by  Bi«t  to  exhibit  drcialar  polariEatlon  li^hc. 

Tuuniialincs  are  gcnemUy  more  strongly  Glectrical  in  proportiuB  w 
tliey  are  darker  iii  colour,  and  have  fewer  crevices  in  their  interior.  (0, 
R>ise,  Foffff.  39,  320.)  Many  of  them  b(;come  electrical  only  when  suii- 
denly  heated  and  cooled,  Swall  tournmlines  are  more  easily  excited 
than  liirge  ones;  niid  fraginenta  more  readily  than  entire  ctTitali. 
(Beoifuerc^l-)  Even  tho  most  finely  divided  toiLrtua.line  powder  is  oleo- 
trical,  80  tltaL  when  warmcd  it  adheres  tog^cther  and  to  llic  surbcc  « 
which  it  Peats.  (Brewiiler.)  When  a  tuui-maline  h  healed,  jiosltire  oIm^ 
tricity  npjutars  at  that  end  of  tho  prism  which  had  eitbi^r  a  s-iiigle  nglil 
terminal  face,  or  merely  the  three  faces  of  the  primitive  rhotnbohedron,  £.r 
hii  th  kill  J  s  of  facei^  together, — or  in  addititnij  the  fiwiejiarisfng  by  trum-atioB 
*if  the  tcriYimjiJ  edgea;  and  the  negative  electricity  at  that  extremilr 
which,  to;fether  with  tho  riy;ht  secondary  plancjiae  alsolhc  thro*?  last  u&ic^ 
faces,  or,  t»;;elher  with  tUo  throe  faces  of  the  primitive  rhombohMron.  lik*^ 
wise  the  tliree  faces  of  a  less  obtuse  one.  {Ktihler,.  P'jff^.  17,  14(i,)  Ii  U 
only  during-  heating  and  coolinjf  that  the  iuurmaliue  shows  eigna  of  el<^s 
tricity;  as  long  the  temjieratnre  remains  slatiunary  after  beatia*,  it 
thowsnouc;  but  as  novn  tis  the  tomjicrature  begins  to  fall,  the  oppcciif 
electrical  state  h  suddenly  established,  Jf  only  one  end  be  heated,  iLkl 
end  alone  hucotnes  electrical,  the  clH»ctriclty  dimiuishing  ;^ratluallv  towwdt 
the  cold  end  till  it  is  reduced  to  nothing;— when  the  heated  cttd  is  ndi^ 
it  ac(|iiires  the  oppioaite  electricity^  which  graduiilly  diminiahe^  towa^^^| 
oppofiUe  end.  If  one  end  is  heated  while  the  other  is  cooled,  both  cflH 
tho  Fjime  kind  of  electricity.  (Bergman,  Opute.  5,  i02;  Becc[ucre].) 

Tf  the  end  of  the  tourmaline  which  exhibits  positive  electricity  vhea 
heated,  be  rubbed  ■with  wool,  it  will  become  still  more  etronyly  ^loctnoil, 
heraufje  the  friotlon  likewise  developed  positive  electricity;  but  tbo  opp>- 
aite  end  when  rubbed  with  wool  doca  not  become  electrical,  t<ecwu»tb« 
[KK>itivo  electricity  developed  by  frictioH  and  the  neg'atlvo  olcclricilr 
developed  by  heat  neutralise  each  other.  (F,  Erman,  I'aiJf/.  2fi,  607.) 

In  boracitc,  the  f<iar  enniniitg  of  the  eubo  in  which  the  telmbtHlnt 
'faoea  nre  absent  become  positively  eleetric;  the  four  other  dingontlly 
(►MKwed  wmmits,  which  are  rcjilHced  by  tetrahodml  facca,  nogktirc}^ 
^loctric.  {Kbhier.)  In  the  dodecab^d runu  iif  rbodixile,  the  four  mmcn 
[rhonibohedral  auiiimite)  which  liavt;  tetrabedral  facc^  beeonie  pouliraljT 
electric  when  heated;  the  four  opjiosite  corners  which  have  iiu  euob  faoHt 
B^atively  electric,  {G,  Hose.) 

The  ehort  priem  of  etlicatc  of  zinc  (electric  calamine)  is  ntodifl>4al 
one  end  by  the  faces  of  a  rectangular  octohcdron,  at  tlie  other  by  Umm 
uf  u  rhonibie  octohodron;  the  foniior  becomes  pui^itivuly  i^ltfctriv  wba 
bMt«d,  the  latter  negatively.  (Kiihier.) 

Bnuiliaii  loiiai  beconie.s  s(roii^:ly  electrtcaJ,  Sibenan  eli^iUy,  Sum 
not  at  all:  when  tnpajt  k  heated,  ne/,ntive  electricity  bpjH'str'i  at  b^k 
•odfl  of  the  pri«ni,  and  jKisitivo  on  all  the  lateral  fiicea,  (P,  Enu«ii.) 
3kuleJEite  and  niesolite  deprived  by  heat  of  their  water  of  ciyitali' 
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tion  Und  miucQil  Lo  powJ^r,  siill  siiow  signa  of  crystal -electricity.  (Urcw- 

Neutral  tnrtr&to  of  p&tasl]  cryatalliies  ia  riglit  rliomlnic  priam-S  bitt 
acuHiinaled  witli  two  facca  iit  the  iLCUte  laicfu.1  edges,  and  jieriiendlculurly 
trimcftteit  at  tlie  base.  Tbo  lira^lno■nLi<lllt'll  extreiuily  ehowa  negative 
electricity  even  wben  gently  warmed,  and  jriositivo  ou  cooUng;  the  other 
end  exliibita  the  oppoeitu  state.  (Hankel.) 

The  stiiiposition  that  crystal-electricity  proceeds  from  a  structure  of 
the  crystal  simita.!:  to  that  of  the  voltaic  pile,  is  contradicted  by  the  fact 
that  tho  chcETiBcal  constitution  of  crystals  is  hoiuogcbeou^, — whereas,  in 
the  voltaic  pile,  a  mechauical  union  uF  heterogeneous  ^uhstancea  is  es- 
sential. 

F.  Themia-Elteirieity, 

When  one  part  of  fl  metallic  circuit  is  more  atrongly  hcatod  thau  tha 
Tcat,  an  electric  current  ia  excited  in  it  umler  the  following  clrcumstLinuiw  : 
(a.)  When  the  circuit  consista  of  a  aingle  metal,  and  the  heating  which 
takes  place  at  a  particular  prvrt  dlmintdicd  mure  rapidly  on  one  side  LIuld 
on  the  other;  and  {b.)  When  it  conaiets  of  ttro  metaJsj  oud  one  of  the 
poiuta  of  junction  ia  heated. 

a.  With  one  Metal. 

A  metallic  wire  connected  with  the  two  ends  of  a  galvanometer  gives 
no  electric  current  ivhen  heated  iu  the  niiddfe;  but  when  each  end  of 
tl(o  g-filvHDumetcr  is  couneelect  w-ilh  a  wire,  ami  the  entl  of  one  of  the 
wiren  19  heiitcd,  and  then  (|uickly  pressed  on  ihecold  end  of  the  other,  an 
electric  current  becouiea  manifest  by  the  de&ection  of  the  needle  the 
giilvanonieter.  The  direction  and  strength  of  this  current  vary  with  the 
nature  of  the  metal  employed.  In  the  SO-Cftllcd  positiifcly  thei-mo-^lectfic 
miftafa  (bismuth,  platinum,  gold,  silver,  copper,  fee.)  positive  electri- 
city gooa  from  tlio  cold  piece  of  metal  through  the  galvanometer  to  the 
hot  piece;  in  those  which  are  negatively  thermD-electric  (zinc,  iron,  anti- 
mony) from  the  hot  to  the  cold  end.  The  more  one  end  is  heated,  the 
stronger  ia;  the  current.  According  to  Yelin,.  bismuth  pro(luc*H  the 
fitrongeat  current  wiih  a  given  degree  of  heating;  then  follows  antinmny, 
then  zinc,  diver,  platinum,  copper,  bniss,  gold,  tin,  and  laatly  lead;  btit, 
according  to  Nubili,  thiri  order  is  correct  for  c-ertain  tenipenit u re-a  ouly* 

A  simple  platinum  wire  connected  with  a  gulvauoiuetcr  also  produces 
a  current  when  heated,  if  it  be  tied  in  a  knot  at  one  point  nud  heated 
nea.r  the  knot ;  because  the  more  rapid  cooling  through  the  knot  causes 
unequul  distrilmtbu  of  heat  on  the  two  sides;  the  positive  eloetricity 
proceeds  from  tHie  knot  through  the  galvanometer  to  the  boated  part. 
Two  copper  wires  do  not  produce  so  strong  a  current  when  clean  as  they 
do  when  covered  with  oxide  or  with  a  thin  film  of  silver  or  gold,  l^canse 
the  covering  hinders  the  comniuuicatioD  of  huat  to  tho  cold  end,  and 
conaei^uently  interferes  ivith  its  uniform  ctisitribiition.  (Becf|uerel.) — Mer- 
cury is  not  thernio-elecitric,  according  t«  Matteucci  and  De  la  Rive;  very 
eligbtly,  according  to  Peltier. 

[Many  metaU,  as  antitnony,  iron,  and  zinc,  conduct  positive  bettor 
than  negative  electricity;  others,  as  platinum,  copper,  and  silver,  exhibit 
tlie  contrary  relation.  When  a  metal  is  heated,  its  power  of  conducting 
tleclricity  diuiinisbca  altogether ;  but  the  dimimitiou  13  greatest  with 
regard  to  that  kind  of  electdcily  which  it  couJucla  least.  AVhcn  a 
piece  of  nietnl  hentid  at  tlie  extremity  tnuclica  a  cold  piece  of  the  samo 
nietjil,  the  heat  dimiuhibcs  gradually  from  the  heated  cad  to  tlm  ^asV.  iJi. 
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thf)  aamo  piece  of  motrtl  in  c&ntiust  with  tlie  jTalvanoraeter,  but  BoHdml^, 

towitiih  tlio  pnW  end  of  tli«  otlior  ]>ieco  of  iin^ta].  Coiiaenucnlly.  in 
hented  pliilinum,  t\ic  coniluoUiig  power  ia  most  »niii'iU!Plie(l  for  jwBitive 
electrknlv;  siiico  tliia  kioil  i>f  electricity  is  lerist  wmilucteJ  by  tLo  platiuaui 
vrhm  colli ;  iti  atitiTiioiiy.  tlie  pawur  o(  coudu<rtiiig  iiL'piitivo  cltttricjty 
Buffors  tho  grenteet  ilritiinution.  Tlie  heat  iict^iiiimtnteil  at  one  ewi  of  tliu 
piocG  of  metal  leiiJeiiVoura  tfi  dift'uae  itHclf  luiiformly  through.  tli«  wbol« 
metallic  circuit,  but  can  only  do  gnLtliialiy  n  whole ;  ita  two  elenient«, 
tho  two  electricities,  would  ilow  rapidly  rtmud  the  circuit.  Siucc  now  the 
eoadacting'  powor  is  diirercnt  on  tho  opposite  Bides  uf  the  huttovt  point, 
the  heat  in  decumposcd;  and  in  tho  case  of  platiaum,  the  positivo  cIeo> 
tricity  goo*  from  tho  hot  end  to  tho  pnld,  and  thence  into  tlie  e»lriii> 
raetcr,  while  tho  negative  olootricity  goes  from  tho  hot  piece  of  nietal  (wLicb 
from  thiii  oo-use  hvs  le^  powor  of  conducting  poeitire  electricity}  into  the 
gal vanuiiieter;  so  th»t  tho  two  eloctricitt»»  recotuhiae  nnd  form  heal  in 
tho  collier  part  of  the  metallic  circuit.  With  antimony,  in  wEScii  llio 
coiidiietiiig  poivor  is  greatest  for  positiye  electricity,  the  direction  of  ih* 
current  i^i  tho  revor^e  of  that  just  descrihed.  This  action  coutiuu^s  till, 
l)y  the  pa.>jfiige  of  beat  into  the  cohl  end,  the  rate  of  decrease  of  the  boat 
tecomeH  the  game  on  both  siclcs  of  tho  hott«^st  point,  ami  c onset] uently, 
tbore  is  no  longer  any  iiiducDmcnt  for  the  positivO  electricity  to  go  one 
way,  and  the  negative  tho  other;  for  this  reaBoti,  no  current  is  produced 
when  a  oontinuoua  metaltlc  aro  is  heated  at  any  point  whatever.]— 
Tid.  p.  3 1  EE. 

Even  when  tlio  heated  end  la  seprirated  from  the  cold  end  by  a  body 
in  the  etato  of  igneons  fasion,  an  elct'tric  cnrront  ie  produced  in  the  same 
directton,  If  borax,  carbonata  of  sofla,  carbonate  of  potash,  chloride  of 
potn^eium,  iodide  of  potASsinm,  sulphate  of  so<la,  or  chloride  of  »trontiaiti 
tu  the  ^tate  of  igneoue  fui^ioD,  he  placed  between  two  platinum  wiroH  nepa- 
rated  by  a  little  distivocc  from  one  another,  and  one  of  the  wires  bo  litOM 
more  atrongly  than  tlie  ottiep,  the  positive  electricity  will  go  from  the 
colder  wire  through  tho  galvanometer  to  the  hotter  wire.  Tho  cummt  Ie 
eutticiently  strong  to  devoraposo  iodide  of  poliLSflltini  under  faToumble 
circumstances.  If  five  platinum  wires  ho  joined  together  fay  four  bdll«  of 
fuHcJ  horax,  and  the  four  ends  of  tho  wires  heated  always  to  the  rifl'lil 
of  the  horns,  a  uurreut  will  be  produced  EulKciont  to  evolre  gas  won 
piused  through  dilute  salphuric  acid.  The  l^ornx  and  the  other  aaJtt 
tufler  no  chemical  chaiiLTC.  Even  horacic  acid,  which  coti<luotfl  loa 
fewlily  than  borax,  produces  a  distinct  electric  current.  When  the 
earhonate  of  aoda  ie  not  perfectly  fused,  tho  dircetion  of  tho  rurreot 
is  roverfcd.  If  the  platinum  wires  aro  eeparwtetl  by  g!a.«fl,  the  pwitiro 
eleutricily  piM<8e0  from  lhp  hot  idiitinuni  Ihniugli  tlio  gi»lvan<imet(?r  to 
the  cold.  whi'Q  the  pMe  of  gla^a  h  thin,  or  wlieu  tt  is  thick  aiul  eironifljr 
hnntod ;  l>ul  In  the  opposite  direction  when  the  gln^  is  (hii.'k  and  modo- 
tiitmty  heatnl,  A  strongly  heated  film  of  mica  interposed  between  the 
platiiinm  wires  likewise  allow*  a  little  positive  electricity  to  puss  froto 
tho  cold  wire  through  tho  galvanometer  tu  the  hot  wire  (ADdrpw*),— Al* 
fn  filacd  {litit  Hot  ro<l-hot)  phospKato  of  eoda  and  ammonia,  eulphate  of 
copper  and  poUu^h,  ttdhydroHs  acetate  of  so<3a,  nitrate  ofanimoDis,  bonuc, 
bichromate  of  potash,  acetate  of  |»otash,  and  nitrate  of  Moda,  two  iinv([i]slly 
heated  plalinimi  wires  proJiico  an  picctrie  Current,  ■Ironirest  in  the  flnt, 
and  weakest  in  the  lo-^t-menlioaod  of  thow  salts  (H.  Et.itlirer,  Poyy.  BO; 
fl3). — If  a  hot  and  a  cold  platinum  wire  connecten  with  a  galranom«ler 
bo  dipped  io  water,  or  if,  when  the  two  wires  are  pineed  Id  (ho  lUlfl 
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,  hoi  wuter  be  poured  on  tlio  one  luid  oold  oq  tlio  ofhor,  positire 
electricity  will  pass  for  a  short  tiino  from  tbo  ootd  wire  through  the  gal- 
vabometer  to  thg  hot  wire.  (NobiU.) 

ft.  With  Tiea  Metals. 
"When  two  pieces  of  diflcrGtit  metals  cannectcd  \¥!th  a  galvanometet 
are  united  by  soldering  or  by  intimato  conLict,  an  electric  ourrent  la  eet 
Dp,  as  soon  as  the  point  of  jutictioti  16  bi-ought  to  n  temperatnTc  diiTerent 
(either  higher  or  lower)  from  that  of  the  rgat  of  tho  circuit.  (Secbeck^ 
The  atrength  of  the  curront  appE>ars  tt>  bo  in  direct  proportion  to  the  dif- 
ference of  temper atiirc ;  its  directioii  dopGuda  upon  tlio  nature  of  tho 
metaU  empkiyeih  The  metala  maj  be  arranged  in  a  ihermtj-eUctnc  serta, 
each,  that  ea«h  inetal — ■n-heti  contiect<><l  with  the  one  on  its  left  hand — 
tranBijiita  negatiTC  electricity,  and  when  coonetted  with  that  on  its  right 
bund,  positive  electricity,  from  ita  heated  point  to  the  galvanometer. — the 
poiut  of  junction  being  etipptiacd  to  bo  heatedj  and  i-wf  versa  -when  it  is 
fXHiled.  The  etr&ngefit  current  is  produced  by  a  circuit  of  bieuiuth  iUid. 
antimony,  these  metals  standing  at  tho  extreinitieii  of  the  series. 

According  to  Yelin,  the  order  ia :  Biemuth,  ailTer,  platinuiu,  copper, 
gold,  tin,  IctuJ, — zine^  iron,  antimony. 

According  to  Beequercl :  BjHniuth,  platinum^  Icodj  tin,  gold,  silver, 
copper, — zioCf  iroHj  antioiony. 

According  to  C'unindng:  Galena,  bismnth,  mercury  atid  nickel,  plati- 
uum,  palladiuni,  cobalt,  eilver  alloyed  with  copper  and  maQganeec,  tin, 
lead,  brass,  rhodium,  gold,  copp«r,  osmium-iridium,  allrer.-^ziiio,  cboT' 
coal,  graphite,  iron,  ar&cnic,  antimony. 

The  diuih  fiopuratCB  tbo  thenmo-poEitive  from  the  therm  o-negatirQ 
metab;  the  conjuDction  and  is  placed  between  two  metals  of  ei^ual  thermo- 
electric power.  The  diecrepunciefr  in  th&  etatemeuts  of  ditlerent  experi- 
tnenterii  induce  tbo  eupposition  that  the  derection  of  tbo  current  isaffe^cted 
b^  inipuritit^H  in  the  uieto-U,  aud  varies  vith  the  ilitlerence  of  teniperatnrQ^ 
Glhat  the  latter  may  really  bo  the  case,  will  appear  from  the  following. 

When  iron  is  modonitely  heated  in  contact  with  copjicr,  eilyCT,  gold, 
Lrat^s,  or  nine,  positivo  electricity  proceeds  from  the  iron  through  tho 
gaivanometer  to  the  copper,  &c.,  but  when  tbo  heat  is  stronger  from  thd 
ctjppcr,  &c,,  to  the  iron,  (Cuniming.)  Tbo  reversal  of  tho  direction  of 
llio  current  takes  place  at  a  dull  red  heat,  when  copper  and  iron  are  tha 
mel&b  eiiiplnyeil.  (Becejuorel.) — Zinc  and  gold  produce  irt  7^"  a  fccbta 
current,  which  paasea  from  the  ejtic  through  the  galvanometer  to  the  gold; 
Ott  150°,  this  current  cea^^ee;  at  180''  an  opposite  current  stts  in,  and  he- 
cornea  very  strong  at  275°.  On  the  contrary,  with  rinc  and  eilver  at  a 
low  lemporatare,  positive  etectricity  pafle^s  from  the  silver  through  tha 
galvanometer  into  the  zino,  Thia  current  attaiue  its  greatest  strength  at 
120",  diminishes  at  a  higher  tempcratnre,  coaaoa  at  225%  and  ia  revorfied 
at  atitl  higher  teniperaturca.  (Boeqaerel.) 

The  farther  two  metals  ore  separated  in  the  thenno-eloctric  eorieBf 
and  th&  higher  the  tcuipemturc  of  their  point  of  junction,  the  more  power- 
ful is  tho  electric  current;  hut  it  ia  always  small  in  quantity,  aad  of  vory 
feeble  lens  ion, 

[Since  bismuth  condncte  negative  electricity  better  thaa  posltivo,  and 
antintony  conduct's  positive  electricity  better  than  negative,  it  follows,  from 
the  hypothcaia  laid  down  on  jiage  321 ,  that,  on  heating  the  point  of  junction 
of  tbcKO  metftlf ,  the  negative  electricity  will  pasa  through  tho  bismuth,  and 
the  positiro  through  the  auUmoay,  towa.rd»  the  colder  part  of  the  metallio 
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of  electricity  is  percoptiblo  whiJo  bodicfi  are  being  preseed  together;  it  is 
i»ot  till  (Ley  are  separated,  that  tbe  ctjo  ajipcarsjioaltivety,  the  ottier  aega- 
"Vely  electrifiBJ-  A  Biice  of  Cork  becomes  poeitively  eleiitrified  wbca 
ed  ngaiust  it  slice  or  pbite  of  caoutchouc,  oraDgc-peel,  rotiiiatipbult, 
,  ainltet,  ainc,  cupper,  silver,  cyanite,  or  heated  doubio  refracting  Bpar, 
ese  sub^AneeB  at  tlie  aamo  time  bcconiiiig  negative.  On  the  contrary, 
e  bIim  of  cork  bcicomcs  negntive  la-itli  nil  dry  animal  anbstanceB,  with 
-ry  spar,  gypauni  (whicb  muflt  Le  freed  by  drying  from  hygroscopic 
ter),  tfuor-apar,  and  double  refracting  spar,  not  heated, — those  enbstancM 
the  same  time  becoming  poaitive.  Two  good  conductore  pressed  toge- 
er  cshtbit,  when  aeparated,  no  other  electricity  tlinn  that  developed  by 
ere  contact.  Two  similar  bodies  do  not  befome  electrical  by  presGura 
'ess  ouo  of  tbom  is  at  a  higher  temperature  than  the  other;  and  then 
e  hotter  body  alwaya  becomes  negative,  the  colder  poaitive.  The 
engib  O'f  the  electricity  thus  developed  depends  upon  the  nature  of  tba 
diesj  tlie  state  of  their  eurfacee,  the  intensity  of  preesurej  and  the  rapi- 
ity  of  separation.  Cork  produces  more  electricity  with  calcsparj  when 
0  preesiiro  [s  exerted  on  one  of  the  faces  parallel  to  the  cleavage-planes, 
an  with  Iieavy  epar,  with  the  latter  more  than  with  polished  roek- 
orystal,  and  with  this  more  than  w  ith  gypsum,  or  with  the  polished  surface 
of  calcspar,  and — ■when  presaure,  temperature,  tlryneae,  and  poli&h,  of  the 
cleft  surfaces  are  equal, — three  times  as  much  with  caleepar  a.a  with  gypsum. 
Tlio  inleneity  of  the  electricity  variea  directly  aa  tlio  pressure, — »o  that 
whf  u  the  latter  is  doubled,  the  former  ia  doubled  aleo.  Lastly,  if  the  two 
bodies  which  have  been  pressed  together  are  slowly  eepanited,  the  two 
electricities  have  tlnio  to  reunite,  and  a  much  smaller  tjuantity  reniaiDij  in 
the  free  state  after  the  ecparatiou.  Bodiea  rcndtred  electrical  by  pres- 
eare  retnip  the  electricity  for  a  longer  ttme,  in  proportion  as  their  insu- 
lating or  non-conducting  power  is  greater. 

These  phenomena  are  ascribed  by  Becqiicrel  to  the  satne  Cftnfic  fta  that 
which  produces  the  following  effects,  observed  by  himwlf.  When  two 
laminiB  of  a  crystal  of  niiea  are  suddenly  torn  asunder,  there  is  not  only 
an  appearance  of  light  produced,  but  one  lamina  becomes  poeitively,  the 
other  nogatively  electrllied :  if  again  pressed  together  and  subsequently 
separaled,  they  again  appear  electrified.  Also,  on  the  cleavDga  of  calcspar, 
fliDor-.spi«r,  heavy  spar,  topaz,  talc,  and  dry  warmed  gypsunl^  and  on  tear- 
ing a  playing-card  into  its  two  Bhect«,  the  eeparated  laminn)  appear  oppo- 
sitely eleclrifieJ.  In  topas,  whose  cleavage  takes  place  jiarallel  to  the 
terminal  facea  of  the  prism,  the  cleft  Eiirfuce  belonging  to  one  end  of  the 
pri»ni  eihihita,  sometimes  one  kind  of  electricity,  t-onietimcs  the  other. 
When  uiclted  Ehellae  ia  poured  upon  glass  and  pulled  ofl' after  CDoliug, 
both  become  electrified. 

N  on- crystal  line  bodies,  eucU  as  Eealing-wnz  or  glass,  exhibit  no  elec- 
tricity when  broken.  {Fi'i.  CreU.  Ami.  17St),  1,  325.)  In  the  former 
cases,  the  separation  of  bodiea  united  by  pressure  produced  clccfricilyj  in 
the  present  cose,  it  is  a  union  produced  by  cohesion  that  iv  overcome. 
(Becquerel.) 

If  sulphate  of  copper  and  potash  be  brought  into  a  state  of  red-hot 
fusion  in  a  phitinum  crucible — conuected,  by  a  ring  of  wire  on  which  it 
Te«ta,  with  a  Boljncnberger's  electrometer — and  theu  left  to  cool,  no  elec- 
tricity will  be  apparent  during  the  cryetalltzatlon ;  but  as  Poon  iho 
crystalline  niawi  begins  to  contract  with  an  andibto  decrcpitalion,  and  falls 
to  piectt  gtaduiLlly  and  epontaneoufjly,  the  forniatiim  of  ctrli  new  I 
i*  iicctinipanicJ  by  a  development  of  clectricily,  and  tlio  cfl'LCt  guCH 
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rta  whole  mase  ia  cmmbled  into  dust.  (H.  B&ttger,  Poffg.  50,  43.]h-T»» 
ehcots  of  iinsizod  itnprcguated  witli  hot  wai,  stick  f»»t  lofT»W 

wlion  rabUed  whli  a  leather  cusbion;  and,  on  being^  puUod  uucxicr  vtiih 
worm,  aro  found  to  be  cloctriGed  mifficiently  to  prodnce  a  epark.  (Knas, 
Bt.  Archie.  31,  210.) 

According  to  Hauy,  the  following  euhstance*  become  po^-  " 
tHcal  when  rubbed  witU  woullen  cloth,  and  are  liketriee  inM\ 
mood,  solphnto  tif  potush,  nitrBj  common  salt,  witherite,  heavy  i- 
tinnite,  doubLo  refroctini;  epar,  arragonite,  apatite,  aabydrii'  i, 
glaabcrite,  fluor-cptvr,  boruciti?,  bitter  spar,  Bulphal^  of  ltuigDe«^i  - 
spinell,  ohryaoberyl,  (inarts,  zircon,  Binerald,  cnclase,  top&>:,  join  ,  <  ^  l  i*, 
cliinfitolite,  a3(ipitef  tourmalin,  garnet,  cinunnion  stone,  v^^uviao,  fcl«par, 

Sr^huite]  mica,  apophyllitc,  hornbLcQde,  actjtiolit«,  trcmolite.  snintfi 
iopHido,  epidot?,  nijphotiii,  meaotypo,  stilbito,  analciiAP, — kdJ,  in  i^orti 
probably  all  combiuatioua  of  cartba,  alkalis,  and  minoral  acids  anMOf 
tbi'm)^elv'(>8  occorriug  in  the  iniQcml  Itingtlom,  with  the  exception  f>f  talc 
moreover,  cloctno  calaminOj  zinc-Bpar,  tinBlono,  Icad'Spar,  snlpbat«  nf  Ind, 
spbene,  and  tUTigstato  of  lime, — The  following  become  positively  rlrctrie, 
and  are  eondnctore :  Bianiuth,  zinc,  lea*!,  copper,  hrass,  silver,  and  *ih-a- 
ainnlgara.  Non-cnnductora  bccornin^j  negatively  cleotrioal,  are:  finlpkor, 
talc,  anatas*,  (ilanactiort,  uraoite,  cobalt-blotitn,  orpiinent,  Meiido,  phoafhitU 
of  load,  mtdyhdato  of  lead,  chromate  of  lead,  Rpccolar  iron,  green  ritnoL 
pnu^ian  blno.  eiibc-ore,  red  oxido  of  copper,  malachite  (which  eomrhmfli 
Doeomca  pcisitivfl),  lilue  carbonate  of  copper,  pGcndo-malacli i te,  Iduo  vitriol:, 
dioptaac>  chrysocoila.,  nraeniat*  of  copper,  cinnabar,  t'ul)chlciride  of  mtttnj 
nr  noru-quiflkeilver,  red  Bilver,  amber,  retinasphalt,  clastic  petroleui 
(Erdhari!),  houoy-stone,  and  an(lira«itc. — Condnctors  becoming  negatinir 
electrical  are:  llvaito,  allanite,  toatallte,  ytlro-tantalitc,  wolfrmm,  at 
phuret  of  molyhdonani,  chrome  iron  ore,  piteh-blende,  peroxide  of  inaa^ 
nrae,  eulphuTBt  of  manganeso  (mangan-glaua),  earthy  cobalt,  anenio,  asti- 
mony,  native  eulpbiir«t  of  antimouy,  black  tc^lliuiutn,  bismnth^^lwav 
tin,  tin-pyritos,  galeiin,  iron,  grapbite,  magnetic  iron  ore,  re»l  liHontixi 
iDAgnEitlo  pyrites,  native  ferroso-ferrio  Bulphato,  iron  pyrites,  nrmin! 
pyrites,  copper-glance,  grey  copper,  nickel,  copper-nickel,  native  amalgu 
of  tin,  vitreous  silver,  nntimonial  eilvcr,  gold,  platiunni,  and  paJloili urn.— 
When  the  crystalline  etrueture  i§  imperfect,  the  property  of  bceomi^ 
electrical  by  frictiim  is  often  absent,  and  so  likewiee  ie  tbe  tfiAnU^ 
power  i  c  (J.,  calc-apar  and  statuary  marble.  Want  of  fKd)»b  on  the  mt- 
face  aleo  freqaently  interferes  veitb  the  ini«tilating  power.  aD'l  produm 
negative  instead  of^ poeitive  electricity,  when  the  substaaco  is  rabbtil.  i.j. 

Insulated  mctAls  rubbed  with  the  dry  Ijand,  or  witli  Imrn,  ir'rrr, 
wood,  or  cork,  become  electrical, — rhodium,  plallniim,  paDndiuai, 
cohalt,  nickel,  tellariiini,  and  antmony,  always  negativo,  the  hut 
etrongly, — silver,  copper,  braea,  and  tin,  mostly  negative ;  xiDeandlirai 
sometimos  ni^gative,  sometimes  po.«itlve;  lead  and  biKnittth  (ihfi  laltar* 
th>T  bighcst  degree)  poeilcvc.    It  \i  to  be  supposed  tliat  all  mctal^  f 
fcctly  clt-an,  would  becoue  negative;  but  einco  the  moro  oxidablv  m« 
liecome  covered  with  a  tliin  film  of  oxide,  a  porttou  of  (his  oxida  Wka 
adhere*  to  tbo  mhber,  and  the  metal  bocomes  pnsi'cive  bybota^  nhW 
with  it;  or,  if  the  Sim  of  oxido  boldia  faster,  the  friction  tftkeapbnW 
twcen  this  oxide  and  tho  wood,  Hcc,  in  consecptencc  of  whidi^  neatfll 
nmoe  oegativo.     Freshly  poliahol  nic-tals  rubbed  witb  ttmw 
fi  become  negulivo,  oxce^t.  lead  a.u.d  blffluuth,  wMch  mn  aoMtii* 
fed  poeitivo.  ^Da  In  UV^o.") 
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Ob  rubbing  tO'^ttiortwo  metals  connected  with  tlie  ends  of  tho^l- 
vanomptcr,  tEio  foli&wiug  ordor  is  oheorved,  Iwfjiimiiig  Trilli  tlio  metal 
whicli  is  negative  with  all  citherfi;  Bieniuth,  uifkol,  cobalt,  pallatliiim, 
platiuum,  load,  tin,  gold,  eilrerj  copper,  zitiCj  iron,  cadmiuni,  antimony. 
Tbia  ia  the  thermo-electric  ectics.  Ncvertliek'aa,,  Bccqiierel  ia  of  apiDion 
(wToiiply  perliiLps)  tliat  the  production  wf  electricity  in  tliia  iiianiior  caa- 
Dot  be  nttributed  to  the  Iieat  developed  by  friction. — A  button  of  bii^niuth, 
nntimoDj,  iron,  or  platinuin,  rubbod  on  a  pinto  of  the  Biaaa  mota.\,  bo- 
cuincB  poititice;  zinc  likewise  exhibits  ihia  action  in  it.  slight  degree. 
Filings  or  granules'  of  metal,  a£  well  a»  metallic  oxidcB  or  $ulphuret»,  Lofc 
fall  on  a  plato  of  the  >>iune  metal  plOiCed  in  a  slanting  position,  alwaya 
tecomc  ne^live ;  eo  libewiee  docs  rough  glass  when  rubbed  upon  Bmootb. 
(Bocquerel.) — To  tliia  class  of  effects  belongs  also  tho  etoctrixation  of 
pon-d(Trs  let  fail  through  sieves  mii'do  uf  different  nmlcriale. 

Finely-divided  copper,  obtained  by  reducing  CArbonnto  of  copper  by 
mennR  of  hydro^n  ^  at  a  very  low  temponiturc,  boeonio^  strongly  oleo- 
tricai  wbon  jTessed  wgether. 

Perfectly  dry  oxitla-te  of  Ijnie  becomes  poaitiTely  oloctrified,  in  eo  high 
a  degree,  merely  by  stirring  it  with  H  rod  of  glasa  or  platinum  (wliich  at 
the  sume  time  becomes  negative),  that  the  powder  m  lifted  out  of  t]iQ 
bitain  which  contains  it.  (Faraday,  Qtt.  J.  o/ iSe,,  10,  338.) 

Sulphur,  wax,  UtHow,  cocos,  or  chocolate,  after  fii&iou,  and  calomel  aftoi 
anbliijistion,  left  to  cool  in  n  gl«a8  or  mctaHlio  vessel,  shows  no  sign  of 
electricity  en  its  uppor  surface;  but  very  strong  electrization,  often  suffi- 
cient to  give  sj>arkei,  on  the  surface  whiqh  hoe  been  in  contopt  with  tbg 
vesscb  The  electricity  ia  generally  positiTe;  but  with  sulphur  1  havoeonifr 
times  found  it  to  be  negative,  whilst  the  inner  surface  of  the  vessel 
eshibite  the  Opposite  electricity  in  an  enjuat  degree.  {ViJ.  Crdl.  Ann. 
1784,  2,  119;  1786,  1,  325;  Gm.  23,  230;  Kdttn.  Archh'.  C,  472.)  ThesO 
pbcnoniena  wore  formerly  attributed  to  the  existence  of  positive  elec- 
tricity in  a  state  of  combination  in  liquids,  this  positive  electricity  )>eing 
BTipp<iffed  to  be  set  free  on  the  piusagc  of  the  body  to  the  aolid  etato.  But 
since  the  pnaitivo  olet'tricity  cfoes  not  show  itself  on  the  upper  eurface  of 
the  solidified  mnsfl,  hut  OTily  where  it  is  iin  eontaet  with  tho  tcsboI,— and 
Bitice,  according  to  Gay-Lusaac  {Ann.  C'kim,  Ph^$.  8,  159),  no  negative 
electrieity  is  art  froo  during  tho  fusion  of  metals  in  gleiae  vcsBclfl, — whicli, 
however,  ou^ht  to  ensue  if  positive  electricity  were  rendered  Intent  during 
tbo  liqoefaction, — it  ia  better  to  fluppoae,  with  Gay-Lusaac,  that  the  elec- 
tricity observed  in  this  process  proceeds  merely  from  the  friction  ocea- 
sioned  by  the  uneii^nal  t!outractiou  of  the  solidifyinj;  body  aud  of  the  glass 
vessel  with  whieh  it  ia  in  contact,  and  from  a  partial  separatiuu  resitlting 
from  tho  eamocauae. 

The  following  oiporimontB,  however,  cannot  well  Itc  explained  on 
Boeh  a  supposition.  ^Vlien  water  ie  uUowed  to  freeze  in  a  Leydon  jar, 
the  inside  of  the  jar  becomes  slightly  positive,  the  outside  slightly  nega- 
tive; tho  mpfil  (iepoaition  of  ico  In  the  form  of  hoar-frost  produces  tho 
contrary  effect.  (Grotthues,  Ann.  CAim.  P/iffS.  27,  HI.) — If  »  gla^s  bulb 
and  a  tnbe  about  0"01  or  0  02  metro  loug  attachetl  to  it  ito  completely 
filled  with  water,  surrounded  with  cotton  uioistoncil  with  etlier,  and 
placed  under  tie  receiver  of  the  air-pump,  an  electric  epftrk-,  visible  even 
by  day,  will  dart  out  of  the  tube  the  moment  before  the  lifjuid  freezta. 
(Fontns,  /.  Chim,  Med.  9,  430-) 

Tlie  degree  and  kind  of  electrieily  which  twa  btwli^e  aesumo  on  being 
fubbed  togotber  viuy  with  the  temperaturei  tho  jprosauro,  and  tUe  U*}^ 
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metric  8tat«  of  tlie  air.    (Deesaigaes,  J.  Fhyi.  82,  3^60  and  413; 
J94  and  415,) — A  glaea  tube  ruliWd  fl'ith  a  cloth  perpend icularljr  loj 
axis  becumes  positive^  but  wiien  pressed  UHiler  tlie  arm  aod  rubtnsd 
■wards  itud  furwardsj  parallel  to  its  axi«,  it  gieoeraUy  becomca  aeg*- 
live.  (Gni.) 

Acconling  to  Wijllastoii's  view,  friction-fllMtricitj'  always  proCMdl 
ffOtu  oxidation:  for^  according  to  that  pliilosopLer,  glass  gives  no  eloctricilT 
when  riibbiftd  with  an  amalgam  nf  ailver  or  platinum,  liecatiBO  tlicwv  metftU 
are  not  oxidaWo,  It  J*  more  powerfully  excited  by  zinc-amalgiini  th&n  bj 
tin-atnulgam,  because  the  former  is  tue  Qiore  oxtdablej  and  6lill  mort 
Btrotjgly  hy  a  niiiture  of  the  two,  wliicb  ozidate'S  tnost  qaickly  of  ifl. 
According  to  Wollaston,  also,  md  electrical  machine  gives  eliftridty 
when  mcide  to  wot-k  in  carbouic  ucid  ga^.  But,  accoruiug  to  Gay-Loaae, 
electricity  is  ohtaiiicd  in  carbonic  aciil  g&A  when  tbo  gtis  ks  Jry ;  occordiiy 
to  Sir  H.  Dav^,  it  is  ulao  obtained  la  hydrogC'ii  gaa,  and  more  abumUulj 
ia  carbouic  acitigas  than  in  the  air;  and,  according  to  Peclet  (A-nn.  Ckm. 
Phtfe.  TO,  83),  the  electric  oxciteraeut  ia  eq.iially  etrong  in  dry  air,  eM- 
botiic  iurid  gasj  and  hydrogen  gas. 

On  the  dcrelopruent  of  electricity  by  friction  depend  tho  EUetn- 
pkorus  and  the  Electriccd  Machine,  which  yield  electricity  of  the  fjmti0i 
kiDfiioiij  i.  e.  accumulated  lu  the  greatest  quantity  on  a.  given  etirfaoe. 

H.  Development  of  Eleclrieiiy  htj  ChciTiical  Changes  in  FoniUrahU  Bodia: 

dunnkal  £lectricUy. 

a.  By  Chemical  Combination* 

ClUlag  th6  Combination  of  two  substances,  &  very  smtdl  quantity 
eleetrtaty  oftca  shows  ilwlf  in  thcni.    In  oxygen  tohinh  combioes  vitt 
Combustible  bodies,  and  in  acidii  wliicL  eohibine  with  saliflable  bdUM^  tbt 
electridty  m  poi^itirej  in  combustible  bodies  and  salifiable  basoe  it  ii 

lOxji^en  contains  poaitivo  electricity  in  a  Etato  of  conibiattM, 
combuetible  bodies  negative  eloctrietty.  when  these  ponderat>l«  bo^ 
eombine,  their  opposite  clc<:tricitteA  aldo  come  together  in  Uie  form  of  fin; 
but  under  certain  circuuistances,  n  very  amall  quantity  of  thetD  apjmiritd 
remain  iincombined,  so  that  a  trace  of  positive  electricity  shows  itself  no 
tlio  side  of  the  oxygenj  and  a  trace  of  negative  tlectricily  on  Ihe  side 
the  combustible  body.  This  al^o  Pouillct's  view,  as  far  as  eoEnbtuli<H 
arc  concerned.    Similarlyj  with  aeids  and  saliSnblo  baeoa.] 

To  render  this  feeble  eiectricicy  Ecnaiblc ,  one  of  the  bodiea  ulut  W 
placed  lu  connection  with  the  upper  plato  of  the  condenser  of  a  BohtM»- 
Dcrger'a  electroecope,  oJid  tho  otlior  with  tiio  ground;  or  else  the  twt 
bodies  must  bo  respectively  cnntiected  with  the  two  ende  of  tbe  galraM- 
meter. 

When  coaU  are  burnt  in  the  air,  negative  electricity  aocamQlatM  it 
the  "vessel  in  which  the  combustion  talkes  place.  (Lavuistor  A  TiaithfT) 
A»  insulated  ^tuve  iu  which  a  strong coul  iire  is  burning,  hrroTiinn  im^iliri; 
the  olecLricity  xn  stmngeet  at  each  additioa  i>f  fuel,  (WilUsjUL 

Maf).  J.  18,  ya.) 

If  a  cylinder  of  cliafcosl,  buraiojg  only  at  the  upper  end,  be  pb«l 
on  the  cover  of  IKg  condpoBcr,  negative  electrictty  bouu  nccnToaUdM  it 
Ihe  cnndenflcr;  to  a  still  greater  degree  whtiii  the  cimibustioD  13  f ril  irili 
oxy;,'en  jpa*-  If  the  Imrning  cylinder  l>6  connected  witli  tho  {^toodJiS^ 
d  mvla\  plulo  communimiiv^  with  tho  cover  of  iKo  cotidoiiMr  bt 
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CT^T  it  at  tlie  clistancfr  of  a  few  inclica  or  a  f<>ot,  t\i$  cooden^r  witl 
bocome  posilivGly  electrical.  K  the  cbiireoal  cylinder  burning  at  one  end 
be  laid  horiKontally,  or  if  it  be  placcfl  upriglit  anJ  made  to  burn  at  the 
Bide  instciu!  of  on  tljft  top,  no  electricity  will  be  porceptiblc,  because  tie 
negative  electrieity  of  the  charcoal  Triil  bo  neutralized  by  the  positive 
electricity  of  the  Burrounfling  air.  {Pouillet.) 

When  hydrogen  gas  isaiiiog  frotn  &.  metal  tube  is  set  on  fire,  the  cover 
of  a  condcBBcr  connected  with  the  tube  beconica  negative.  If  the  tul^e  be 
connected  with  the  ground  and  a  metal  plate  held  at  aome  litUe  di^ta-noQ 
above  the  flame,  the  plate  convoya  jMiaitive  electricity  to  the  plats  of  the 
condenser.  When  the  hydrogen  iaauea  from  a  eloBa  tube,  negative  elec- 
tricity ia  obtained  by  introducing  into  the  middle  of  the  (litmo  a  narrow 
coil  of  platinum  wire  connected  with  the  co^ndenBcr;  but  if  the  coil  be 
wide  enough  to  surround  the  fliiiiic  without  touching  it  in  any  part,  the 
electricity  will  be  pogitive.  A  ntctaD  plate  held  over  the  Hame  dues  not 
become  i-Lcctrical  when  the  gas  ia  burned  from  a  glass  tuho, — bccauflo  the 
gbue  insulates,  and  consequently,  the  twu  electricities  Deutralizc  one 
SDOther  within  the  flame.  The  Bame  of  alcohol,  ether,  oil^  tallow,  or 
wax,  e&hibits  the  eame  effects  m  that  of  hydrogen  gae.  (Pouillct.)  In 
the  combustioD  of  alcohol  in  the  lamp  without  flame,  negative  electricity 
also  nccumulatee  in  the  spiral  wire,  aud  positive  electricity  in  the  snr- 
rcumlicig  air,  (Beeqwerel.) 
^  Pfaff  {Poiig.  51,  JIO)  regard?  these  statements  as  crroneoua,  and 
™Mserts  that  not  a  trice  of  eledriijity  ia  apparent  iu  the  combustion  of 
hydrogeti  gjw,  pbejsphoruB,  sulphur,  zinc,  alcohol,  or  ether;  only  in  the 
conibustiou  of  charcoal  ca  there  an  indication  of  negative  clectrieity;  but 
as  no  pogittvo  electricity  Can  be  delected  in  the  carbonic  acid  whiidi  rises 

I from  it,  he  regards  the  pbenomenon  as  proceeding  from  Ihorrno-electricity. 
A  thin  copper  tube  through  which  a  dry  mixture  of  chlorine  gas  and 
Air  is  passed  becomes  negatire;  the  gas  enbeequently  transmitted  through 
S  platinum  tube  renders  it  positive. 
On  connecting  the  ends  of  the  galvanometerwith  two  iron  wires,  a  and 
h,  inacrLing  ft  into  a  piece  of  charcoal,  then,  heating  to  redness  both  the 
charcoal  with  the  end  of  the  wire  a  enclosed  in  it,  ami  also  the  extremity 
cf  the  wire  b,  and  connecting  the  latter  with  the  charcoal,  a  slniog 
Burrent  will  pass  frotn  the  wire  b  through  the  galvanometer  to  the  wire 
fl;  hence,  in  this  caec,  thocnrbon  acts  the  part  ef  oxygen  in  its  com- 
bination with  the  iron  of  a,  positive  cleelrieity  is  eet  free  iii  it,  and 
negative  rliictricity  in  the  iron].  (Becnucrel.) 

For  the  investigation  of  the  development  of  electricity  tn  the  conibi- 
L     nation  of  two  liquidif,  or  of  a  liquid  and  a  eolid,  the  pieces  of  ftpparatua 
represeuted  in  Plate  IV  are  useful. 

Ajip.  1.  A  platinmn  spoon  containing  a  liquid  iH  connected  with  one 
end  of  tlic  galvanometer.  With  the  other  end  is  connected  amir  of 
platinum  forceps^  in  whith  a  aolid  body  cftO  be  fastened  60  as  to  dip  into 
the  Eit^uid. 

App.  2,  Two  cupa  or  benltors  a,  h,  into  which  are  plunged  tte 
platinum  tGnnlnations  of  the  galvanometer,  contain  two  different  liquids 
which  are  connected  with  one  another,  either  by  a  hunch  of  aahcstus  or 
cut ton-thrc adit,  ot  hy  tiieaiifl  of  a  siphon,  filled,  soniettuies  with  one  of  lha 
1^  lii|uids,  sometimes  with  a  liquid  different  from  both. 

^Pf*-  3-  A  beaker  glues  is  cut  in  halves  in  a  vertical  direction,  and 
after  a  sheet  of  bihuluui^  paper  has  lieen  inserted  into  it,  bound  tij 
^P  together  again.   Into  the  two  divisions  formed  by  the  papcT  ■^xVxtw 
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tliffcront  lit^aids  nrc  poareJ,  anil  Lho  pltLtiQiim  ends  of  tlio  gKlwiOBMtai 

dippoii  into  them. 

App.  4.  Tbo  lower  part  A  of  a  U-tube  \e  stopped  Dp  vritb  eoUoa,  ■•■ 
beatus,  or  cluy,  moistened  ^iitli  a  suitaUc  Ji'initl;  tnea  llie  aim  a  n  fSkA 
with  this  ennie  li<ini<l  apJ  tlie  unu  t  with  another. 

.d7>;>,  r>.  The  extremity  b  of  (!io  U-t«be  being  stopped  witli  tli«  &^g«r, 
tbo  srn)  is  filled  with  tLc  heavier  liqqicl;  the  etid  a  Ui  then  closed,  tbf  «Bd 
b  opened,  and  iLf>  lighter  liq;uid  carefully  poarcd  in  at  this  end,  fO  Uill  it 
may  dltuposei  Itsolf  Id  a  sepantte  Htratiim  above  the  hoarier  liquid. 

App.  6.  A  holo  having  teeit  made  id  th«  bottom  of  n  beskcr-glMi^ 
aod  one  of  the  plntinum  ends  of  (hv.  g^tr^ngtneter  cemented  into  it,  tfcf 
two  lixgiiiils  »ro  ^urcfully  iutroduccd  into  tbo  g1a.sa,  ouc  Bbovc  tbp  otbVi 
and  tho  otbor  plntinnm  tonniimtioTi  mu.de  lo  dip  into  the  upper  li^aid. 

Apf>,  7.  A  glass  lulfo  a  has  its  luwer  extremity  either  tied  rniin'l 
B.  IdtLfliltir  or  attipped  up  with  clay  moistened  with  a  liqaid.     It  mo 
a  liipiid,  and  dipa  with  ita  loirei*  end  into  another  liiciiuil  tontHincxl  in 
Leaker  h.    Into  a  ttnd  h  the  platiuutd  eods  of  the  galrAnometer  are 
to  dip. 

App.  8.  Two  glass  tubps  «j  h,  dosed  at  tifl  bottom  with  bloildrr  * 
moist'cncd  elay^  are  filled  with  different  liquidaj  and  made  to  dip  hy  Uitif 
lowor  ends  into  the  liquid  iu  the  diah  c. 

AcUh  wis/i  Aci<tt.  Tlio  plutinum  epood  (App.  1)  eotitainlng  oil  of 
vitriol,  and  tho  spongy  platinum  in  the  f&recpa,  nitric  acid,  pOKititt 
oleotrioity  ^es  in  considcraldeqaaTitily  frona  the  oil  of  vitriol  (hroujrb  tl# 
galvanometer  lo  tlio  nitrio  acid.  It  the  oil  of  vitriol  be  preWously  dilulHl 
with  ojie-liH If  water  a  strong  current  ia  set  np  in  the  oppoaite  direcliou  Ii 
tho  former  case,  theaetlon  of  the  oil  of  vitriot  on  the  water  of  the  nitric  vti 
probably  co'inea  into  play.  (Becqnepol.) — From  oil  of  Titrtdl  {Aff.  3) 
positive  BleptrieiLy  ptisaoa  in  small  quantity  through  tho  galTanomi.'t<*r  to 
nitrio  acid.  {Dq  la  Rive.) — Positive  olcetricity  };oea  from  phosphoric  acid 
throupli  the  gulvauometer,  to  sulpliuric,  hydro chlorie,  or  nitric  vii, 
npgatfro  from  nitric  to  hydrochloric,  hyponitric,  or  aeetic  acid.  (Bec^H- 
rol.) — I'oxitiveolcctricity  goes  frcito  oil  of  vitriol^  throngb  the  galranomMfl; 
to  toneen tralod  hydroefdoric  acid  (App.  2  or  7);  on  the  <'ontrary.  fra 
concentrated  nitric  acid  to  oil  of  vitriol  {App.  2  or?).  )Vfti<-tfr. — rootin 
electricity  ^'oo3  in  large  q^uantity  from  siigLtly  dllutod  oil  of  vitriol  tkiiM^ 
tho  palvanumcler  to  nitric  aciif  (App.  5.)  Mohr, 

Conentlfaied  Aciih  u-ttJi  dilute  Adds,  From  concentratod  n}fUb 
or  hydrodjlorie  acid,  puEitivo  electricity  goes  through  tho  galvanoouiUrli 
tho  mtm  acids  ia  a  state  of  dilution.  {App.  2  or  7.)  Tf'i/olvr. — frm 
concentrated  nitrio  arid,  n  foeblo current  p4UBe9  through  tlic  i  iil  i  ■iiiiiIm 
to  dilute  nitric  acid,  diiminishing^  in  inici]«ity  as  the  2  litj^aitu  an  Bovrf 
about  at  their  surface  of  contact.    {App.  5,)  Faradatf^ 

Acidt  with  Wahr,  From  concentrated  sulpharic  or  nitrio  and  r*- 
tftined  in  tho  sponpy  platinum  in  the  forceps  {App.  I), positive  elMtlinf 

^oes  through  tho  jr-tlvanometer  to  water  in  the  platinum  spuoti,  wtali 

fint,  but  cootiuiially  becoming  stronger,  »a  the  water  \>y  tnkin^  nf  wd 
bocomci  a  better  cnaductor,— then  gradually  climimKbiui;  in  forc<%  till 
liquids  hiivu  hecomt' romplctoly  mixed,  when  it^lop?.  With  hjr<lnMU0 
iicid  and  water,  tho  current  (.akes  tho  opposite  diroetion;  so  lIltewlnviA 
bomcie,  oxalic,  auil  citric  acid,  which  arc  tiKetl  in  the  futoepA  in  t]MlM0  ' 
atato.  (Decqucrel.) — With  sulphuric  acid  and  water  or  ice,  pMitif*  ^ 
(rit'ity  iiaieeH  from  tho  water  through  the  gaU'uaoiuetor  to  tbi  Mf'^ 
(Nobiii.) 
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Afidt  with  Salts.  PoBitSve  electricUy  jsroea  from  plios|)liorlc  acut, 
thmiiyh  tlie  gal  van  q  met  Or,  lo  noluLions  of  all  saltsj  from  nitric  aciJ  to 
toliitii^ins  of  Bulinhatps,  clilnridlos,  and  Ditmtes  (Becqunrol); — from  nitric 
a*iJ  to  giolutiou  of  nitre.  (H.  DaVy). — Positive  pletitricily  goes  from 
iiiilphuric  iicirl,  tlirongli  tlio  galvanotnctor,  to  tlie  aulphatea  of  potswh, 
copper,  an<l  red  oxide  of  mercury;  from  tydrocliloric  acid  to  clilorido  of 
potaasitim,  Bodium,  hariiini,  or  icalciutu,  and  from  nitric  acxA  to  nitre: 
alway.^^  therefore  from  tlie  BeEd  througli  the  galvanometer  to  tie  sails  of 
tho  sarao  acid;  positive  ele«tri<-tty  rIao  goes  from  hydrocliloric  acid 
tlirough  tliG  gftlTftnoTOct-er  to  eiiljmate  of  ma^icsin  or  nitre,  (Nobili,) 
-^Tlie  current  goes  from  dilute  aalptiiiric  acid  tlirongh  the  galvanometer 
to  anipliate  of  eitjc  or  copper,  and  from  concentrated  nitric  acid  to  sulphiLte 
,  or  nitrate  of  cupper.  On  tho  contmry,  from  cbloride  of  mercury  tn  oil  of 
'  Titriol,  from  nitrate  of  silver  to  acetiu  acid,  and  from  olilorido  of  gold  to 
liydrocjhioric  acid.  {App.  "2  or  7 .)  Walcker. 

Acids  mth  SaHfiable  Bases.  Poaitivo  eleetrlclty  goefl  front  dilute 
Eiilphuricj  hydrocbloric,  or  nitric  acid,  contained  in  tlio  platinum  spoon, 
(A  pp.  I )  tliroiigh  tlie  gaWnnometcr,  to  moistened  hydrate  of  potnah  in  the 
forceps.  Similarly,  from  dilcito  itcids  to  aqueous  polution  of  potash  (App. 
2,  with  ashestus.)  Bccquerel, — Walcker  also  obtained  a  etrwn^  current 
from  the  noid  (but  probably  tliroug-h  the  galvanometert)  to  tho  potafih. 
Faraday,  on  the  other  hand,  obtained  no  current  with  dilute  sulphuric 
flcid  and  aqueous  solution  of  jpotosh  {Aj)p.  3);  Mnhr  also  obtained  with 
dilute  sulphuric  or  hydrochloric  acid,  on  the  nno  yide,  and  aquooufi  tiolntioa 
ofpotRsh  or  nminonia  oa  the  uthor^  either  no  current  at  nil,  or  uicrcly  a 
sliglit  disturbance  of  the  uimhIIo  at  the  comuioncement  of  tho  attion; 
wbereas,  he  foqnd  ibftt  from  conc¥ntrR.ted  or  dslnte  nitric  acid,  positive 
I      electricity  goes  through  the  galrnnometer  to  the  potaah, 

From  sulphuric  or  nitric  acid,  positive  electricity  goCS  through  the 
galvnnometer  to  a*|Ucou9  solution  of  ammonia  (Notili);  from  dilute  aul- 
phiirir  acid  to  aqueous  ammoftia,  soda,  or  bntytft  {App.  2  or  7)  irrt^e^Tt-j*/ 
from  sulphuric,  liydtochloric,  or  nitric  acid,  thromyh  the  jinlvanometer, 
I  to  solid  lime;  but,  on  tho  contrary,  from  lime-wnter  throujjh  tho  gal- 
vanometer to  tilt!  acid.  It  also  goes  from  solid  lime  through  tho  gal- 
vanometer to  aijucous  solution  of  arsenic,  oxalic,  or  tartaric  acid,  and 
fifom  aquccius  ammonia  to  oxalic  acid.  (Noliili.) 

If  hydrated  phaiphoric  acid  bo  fused  in  ono  arm  of  the  U-tnbe, 
{App.  5)  and  hydrato  of  potash  or  oxide  of  lead  in  the  other,  positire 
electricity  goes  from  the  acid  through  the  galranometer  to  the  base  (cspo- 
oially  with  potash)  in  sufficient  quantity  to  produce  a  elight  decomposition, 
of  iodide  of  potassium.  (Dulli  &  Moeer,  Poff^.  42,  flt.) — From  nitrio 
acid,  positive  electricity  goes  thraugh  the  galvanometer  to  oxide  of  lead. 
I  (FarMay.) 

I  S<tICa  iciOi  Water.    When  sulphate  of  soda  or  chloride  of  harium  ia 

dissolved  in  water,  n  feeble  positive  current  goes  from  the  water  through 
the  galvanometer  to  the  salt.  (Bccquerel.^    From  a  aolutian  of  nitmto  of 
..     mlver  iu  12  times  ita  weight  of  water  positive  electricity  goes  through  the 
I     galvanometer  to  pure  water.  (Fcohner.) 

ConcentraUd  with  tiilitCi:  saline  sohiiions.  Positive  electnci^  goes  from 
^  a  concontrated  isolution  of  C'vwmim  ealt  or  nitre,  through  the  gsJvanometer, 
|to  adilute  solution  of  the  same.  (App.  2,)  Broiwrd;  also  from  dilute  to 
Concentrated  solution  of  livor  of  sulphur,  through  the  galvanometer. 
fFarnday.)^ — If  two  platinum  spatulas,  ouo  cold  and  the  other  red-hot.  bo 
dipped  into  tbo  sojoae  AolutioD  of  l  part  of  com.Dio.a.  auVV      \^  \>*-^  ^ 
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wBtcr,  3)Oiit!v6  oWtriciti^  wiU  pass  frbm  the  lat[«r,  tfirotigli  tLo  nil  _ 
jntler,  to  tlae  former;  because  a  conccutmlcd  solution  is  fonDcdoB  lb| 
surface  of  (be  latter  by  etapornlicin  of  tliw  water.  Willi  a  ejAtola  bcalaJ 
only  to  £0°,  tlic  direetioTi  of  the  current  U  tke  reverse  of  tbat  juiA  mm- 
tioned  [posBlbly  frooi  therm o-electnc  acliou].  A  current  like  llie  Jut  u 
proJucecE  in  solutions  of  Glitiilicr's  salt  of  all  etreugtli«,  -witii  a  {tlatiaa 
fijwitiiila  lieated  cither  to  60°  or  to  redness,  (Walcker.) 

^ails  and  Metallic  Chlaridee  wlih  Salts  and  MefalUc  ChloriJ^.  With 
aqacous  eolutions  of  tbe  following  eub^tancea  {App.  2)  poeitive  cledficil; 
gftca  from  the  first-montioncd,  through  the  galvanometer,  to  the  last-nicis 
tioncd ;  From  chloride  of  potaBsium  or  chloride  of  tnercuiy  to  fcrruejsniJt 
of  potasgiani;  from  (concentrated  solution  of  eulpliate  of  alumina  to  ^ulrih^ 
of  pot4i£Ei;  frura  chloride  of  zinc  to  coinnton  BiUt;  from  perehloride  of  ima 
to  chloj'iiiie  of  potssaiuni ;  /roiu  nitrate  of  copper  or  nitrate  of  silver  lo  ti- 
trate of  potatih ;  froTQ  chloride  of  fold  to  chloride  of  potaasitim,  eodiam,  or 
zinc,  or  perehloride  of  iron;  and  from  chloride  of  platiBum  to  clilort^e  <tf 
ammonium,  potas^iuni,  or  eodiuia.  (Watcker.) — From  nitrato  of  ooppw, 
iroeiitive  electricity  goes  in  cooaidorahlo  quantity  through  the  gaJvftM- 
nictcr  to  sulphate  of  ziuc.  (Berzeliun.) — Chloride  of  lead,  protocblori<fe4d! 
mercury,  or  chloride  of  «ilver,  fused  in  one  arm  of  the  U-tubc  {Aff,  i) 
Beuds  a  small  quantity  of  positire  electricity  through  the  gaivanotnoWU 
chloride  of  nota^iutii  fused  in  the  other  ami.    (Dulk  &  Moser.) 

Salijiahie  Imtfs  with  Water.  From  liydrftlc  of  potash  or  soda,  u  ilm 
from  aqueous  solution  of  potash  or  sodu.,  positive  cli/ctricity  goes  tblvtl^ 
the  galvanoineter  to  water,  (^Becquerd,  who  formerly  obta^lacd  tbe  vm- 
trary  result;  FechneT.);  elIso,  from  aqueoiiB  solutinii  of  potaali  to  w&ler,  wiJ 
from  concentrated  to  dilute  solution^  of  amnioBja,  pota»b,  or  vh. 
(Walcker.)    [This  seems  mote  in  nccordaneo  irith  the  hypothesis,] 

Salijablf  higei  wilh,  Salts.  From  snlulion  of  nitre,  a  small  qutuitilTt/ 
positive  eloctricity  goca  through  the  galvanoincter  to  solution  of  pMtk 
[a.  Unvy),  and  ^om  solutiim  of  ehlorido  of  barium,  through  the  gilvf- 
nomolpr,  to  atnnionia,  (Walckcr.) 

A'aliJtabU  bagfs  with  saliJiiiUe  Bases.  Hydrate  of  ainmina,  oxide  of  iiac; 
or  oxiile  of  l!i?ad  freshly  precipitated  by  potash,  hetii  in  the  forceps  Hff- 
I)  and  dipped  into  tlic  li^iuiil  in  tlie  spaon,  sends  positive  electrititT 
tlirough  tho  galvanometer  to  Bolution  of  ammonia,  potaah,  or  so>la,  iM 
thus  nets  lUf  pai't  of  a  dilute  acid.  (Becquerel.) — From  fused  oxide  <f 
nuLlmoiiy  (not  from  oxide  of  bismuth],  positive  electricity  ^oes  tbn«|Ek 
the  gnlvunometer  to  fused  oxide  of  lead.    {App.  .5;  Dulk  '&  Moser.) 

Mttiith  Kith  Mftais.  On  dipping  zine,  tin,  or  lend  into  mercury,  pnT 
(ive  eltjctricity  goes  froni  the  mercury,  through  the  galvanometer'  totkt 
other  metal,  in  couaequcncc  of  the  combinatiou  of  the  nietals.  (I>uJk4 
Muscr,  Pogrf,  42,  Dl,) — On  dipping  tho  platinum  ends  of  tbe  g^vaaoowlV 
iuti)  the  two  arms  of  the  U-tubo  illled  with  molted  tin,  allowing  tW  ^ 
to  cool,  and  then  heiiiing  oaly  one  arm,  a  theriwo-clectrie  current  mwodo 
luunifest;  but  this  cnrreut  does  not  increitsQ  when  tho  arm  of  tbe  lubtii 
heated  to  the  temperature  at  which  the  platinum  Combines  with  lha  tii| 
prwhicifig  a  kiud  of  coraliOstion.  (Faraday,) 

Sir  11.  Davy  lays  Jotv-n  the  following  aeries  of  liqnids,  emcb  of  ■wfcicfc 
semis  pf'^itivc  electricity  through  ihc  galvanometer  to  ihofle  whieb  foUr* 
it;  Nitric,  liypoiiitric,  Halpluirie,,  and  phosphoric  arid^  vegetxblo  loJ^ 
hydrueyanie  ueid,  bydrnfuliihurio  acid,  potash^  eu<la,  baryta,  aiiimtniia. 

h'rperinKiUi  wit/i  ikrff  liquitla.  For  tliceo  csporimrt'ilR,  Af>p.  2  i*^ 
jiViaihiCf  when  the  buD<llu  of  aebQelue  threads  eenlaina  a  lti|ut<l  Jifitm 
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from  tliOM  in  thfl  two  tpssgIb;  atiJ  App,  9,  when  the  three  veaeels  and  the 
siphon  or  threads  arc  filletl  with  tliflerent  liquids, 

If  a  (App.  9)  contains  nitric  atid,  c  soila,  anil  b  nitric  acul,  c  h^wg 
connected  with  6  hy  a  siphon  filled  with  nitre,  ajid  «  with  h  by  a  bumllo 
of  jtabestiia,  positive  eltctricitj  goes  from  a  thi-nujrh  the  galvanometer  to 
6,  alid  is  raoro  than  doubled  m  quantity  wlicn  hydralti  of  soJa  h  placed 
upon  the  osbestua.  A  similar  result  ia  ohtaincd  when  hydrncliloric  or 
Guljihnric  acid  is  used  inatcad  of  uitnc  acid,  and  common  salt  inateud  of 
nitre.  (Becquerel.)  [The  current  e:ccited  by  the  acid  between  a  and  c, 
the  direction  of  which  is  from  a  to  the  ^^vanometer,  ia  not  completely 
nentralized  by  the  two  oppoaite  currontfi  produced  hy  the  action  of  the 
acid  in  e  on  the  saJiiie  eoliition  in  ■£,  and  ot  tho  latter  on  the  eoda  In  c] 

If  a  {App.  2}  contains  nitric  acid,  4  concentrated  Sfdution  of  potash, 
and  the  cotton-wicl^,  /i,  solution  of  Olauber's  gait,  about  twice  as  niueh 
positive  electricity  goes  from  the  acid  through  the  galvnnameter  to  the 
potash,  ns  would  be  ciet  in  motion,  if  a  contained  nitric  acid,  and  b  and  A 
Glauber's  &alt,— or  a  and  h  Glauber's  salt,  aud&  potash.  [In  tho  first  case, 
the  two  currents  produced  bj  the  acid  :icting  on  the  Glauber's  saJt,  aud  tliia 
on  the  iilkali,  assist  each  other;  in  the  other  two,  one  cnly  of  these  currents 
)8  produced.]  If  the  first  experiment  lasts  some  tiniOj  and  tho  threads 
h  ore  not  above  three  inches  loug,  the  defection  of  the  needle  incrcaGea 
eadcEenly  from  5°  to  20°,  when  the  acid  comes  iato  immediate  contact 
wiLh  the  potush.  The  acid  and  alkali  come  inubt  quickly  into  eonCoct  tn 
the  wiclc  when  the  latter  contains  the  salt  which  is  produced  by  tho  eom- 
Lination  of  thp  two,  r.  ,7.,  nitrC  la  the  case  of  uitrio  acid  and  pottiah,  and 
Glaultcre  6uU  in  that  of  sulphuric  acid  and  soda;  if,  on  tho  other  hand, 
the  wick  contains  pure  water,  the  infiltration  takes  place  very  siowly:  no 
deflcctioEi  is  produced  at  first,  but  after  about  twelve  minutes,  a  strong  deflec- 
tion of  20^  When  the  wick  ia  aix  inches  long,  no  increase  of  the  current 
takes  place,  even  if  it  containa  n  saline  solution;  on  the  contrary,  the  cur- 
rent  bccoraca  gradually  weaker^  because,  after  a  time,  uo  more  chemical 
combinatiDn  takes  place  in  tho  wick.  Tho  deflections  of  the  needle  pro- 
duced at  tlie  coninicncement  o£  the  action  are  as  follows, — it  being  ohaerveil 
that  the  Grst-nanied  substance  lb  placed  in  the  vessel  a,  the  second  in  tho 
wick  k,  and  the  last  in  the  vesBol  b, — and  that  in  each  case,  the  positive 
electricity  goes  from  tho  Urst  substance,  through  tho  galvanometer,  to  the 
last  Eiaiiied: — With  nitrio  acid,  GlauWr's  SH-tt  and  potash,  5  ; — nitric  acid, 
Glauber's  ealt,  Glauber's  salt,  3°; — Glauber's  estt,  Glauber's  salt,  potash, 
3  ; — nitric  acid,  nitre,  potiwh,  4°; — nitric  acid,  nitre,  nitre,  2°; — nitre, 
nitre,  potash^  2';  a  mixture  of  2  measures  of  oil  of  vilciol  with  1  mea- 
sure of  water,  Giaulw;r's  salt,  soda,  5'';— the  same  miitture,  Glauber's 
ealt,  Glauber'*  salt,  3';— Glauber's  silt,  Glauber's  salt,  soda,  2'^; — mix- 
ture of  2  measures  of  oil  of  vitriol  and  1  wa1*r,  nitre,  soda,  12"; — the 
^Aie  mixture,  nitre,  nitre,  5'; — nitre,  nitre,  ^tida  3°;— the  sunie  mixture 
of  oil  of  vitriol  and  water,  ^al-ammoni.nie,  soda,  — tho  tuime  niiitture, 
sat'Ammoniac.,  sal-aniiMoniac,  G°; — sal-am  mo  aloe,  sal-ammoniac,  soda,  6^ 
(Do  la  Rive,) 

If  the  vessels  a,  I,  (App.  0)  arc  filled  with  aotiilion  of  nitre,  and  the 
wicks  .9,  i,  satiiratcil  with  it — the  vessel  c  containirg  nitric  acid,  and  a 
piece  of  liydrate  of  potash  being  placed  upon  tho  wick  1  at  a",  where  it 
dipti  into  the  nitric  acid — a  current  '\3  set  up  from  the  nitric  ucid  throu^rh 
the  galvanometer  to  the  hydrate  of  potash,  much  atronjier  l.ha,!i  that  which 
in  pnidiiced  hy  the  use  of  aqueous  solution  fif  potash, — hecause  the  former 
Lccoineti  mure  htated  l>y  comliniiig  with  tho  nitric  acid; — and,  geu<:t&V\^ 
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epeaking,  ihe  cnrrOnt  goes  conslaiLtJy  from  the  colder  body  to  UuU  wiiJk 
13  most  heuled  during        coniLmatioD :  moreoVBT,  the  pbonooMMn  if 

tbemio-eltwtric  [^],  (Noliili.) 

Fecliner,  proceeding  upon  tlio  contact-lfieory— accordiDff  Ut  wbie^ 
tiictals  excite  an.  electric  current,  OVon  in  lii^uids  whicfi  do  nut  vt  cW 
mieiiUy  upon  tliom— endeavoured  to  get  rid  of  the  effect  whicb,  »coocdipg 
to  this  Tiew,  might  be  expected  to  arise  from  dipping  the  pluitiaatii  iM* 
luiBationH  of  the  galvanometer  into  two  different  lirinids,  bj  imawniBg 
thttee  platinum  torminationsin  tvocups,  a,  b,  (AppAO)  cout&inuia  tlieaiM 
liijuid— placing  the  two  Liq^uida  trhocH}  mutual  action  wa^  to  b«  inmwli* 
gated,  in  two  cithGr  clips,  at,  3,  and  connocting  tho  four  copv  by  tkfM 
siphon-tubes.  The  siphons i, contained  the  eanie  lii^uid  24  tliefupait, 
tbe  siphon  h  either  tbe  lii^uid  in  a.  or  that  in  fi.  [Uy  this  armngvoaent,  * 
ooTnplieatcd  actio^n  is  always  obtaineiJ:  not  only  is  a  eurroot  pruda«it 
by  the  mutual  action  of  the  liquids  in  a  and  0,  hnt  likewise  hy  tiM  tt 
the  li^nid  in  a  upon  that  in  et,  and  of  the  liquid  in  b  on  that  in  ff;  uA 
tho  direction  and  etri^ngth  of  the  current  ia  the  refiultant  of  tbe  «am  or 
diS'ercncQ  of  those  three  aetrous,]  The  folloviD^are  some  of  the  nitn«i««i 
results  obtained  in  this  manner: — tho  iiquid  in  the  cup  m  is  alimvs  tW 
from  which  jiusitivo  oloctnclty  pasties  through  tbe  ^Ivauometer  to  tht 
eap  .8. 

Qlauher'a  salt  in  a,  b,  sulpburia  acid  io  a,  potash  in  0.— Comma 
nit  in  n,  b,  |H>taeb  in  »,  byilroi'hloric  acid  in  ff.— -Spring  water  or  niifi* 
■did  in  a,  b,  nitriu  acid  in  «,  potash  in  B- — Nitre  in  a,  pot^t^b  in  m,  mI- 
phnric  acid  in  Bi — Nitre  in  a,  b,  sulphuric  acid  in  a,  nitric  acid  io  0. 

In  tbe  following  experiments  of  Fechnor,  the  three  liquids, — fiolnlionrf 
potaeh,  nitric  acid,  and  solution  of  uitre, — were  diiitributed  in  variM 
waya  among  the  4  cupe,  and  tbo  following  defiectlone  wore  ofatain«d. 

1.  Nitre  in  a,  h,  nitrto  neid  eh  »,  potneh  in  B;  poaittvo  elMtriatt 
goes  from  a  through  the  gnlvnnometer  to  l>,  deflGctittg  tho  n«4idl«  W* 
[Th(>  principal  currt^nt  is  ex<:Lted  fay  the  uvtion  of  tliQ  nitrid  acid  on  tha 
poliwh ;  but  the  two  Pioro  feeble  currents  pn>iiuc»d  by  tho  aeliua  ol  aittii 
acid  on  nitro  and  potash  on  nitre,  take  the  direction  opposite  to  tkil  rf 
the  Urift  and  weaken  it.] 

2.  Potash  in  a,  b,  nitric  acid  ia  a,  nitro  in  0;  posttiro  eleMaoto 
goes  from  b  through  thy  galvnnometer  to  a ;  dcfloctiou  33*.  IIbS 
cas9  nhd  the  prineipal  current  produced  hy  nitric  neid  and  potMb  belVM 
a  and  a,  which,  aceording  to  tbo  arrangonienl,  tnnst  take  the  0|ipMtl 
dtKCtinn  to  that  in  1,  is  weakened  Ijy  tbe  two  currents  produced  liy  ailn 
aeid  and  nitre,  and  by  potash  and  nitre,  in  tte  satno  Jcgreo  w  ia  1; 
hence  (be  deflection  ia  nearly  the  same.] 

3.  Nitric  acid  in  a,  h,  potash  iik  a,  nitre  in  fi;  poslti-re  elodriettr  fM 
from  a  through  the  gaWanoniotcr  to£:  deflection  48^.  [H«if  wgwii  ifct 
two  feebler  currents  weaken  the  principal  current;  hence  tho  dafleeliM 
ia  about  the  snme.^ 

4.  Nitric  acid  in  a,  potiub  in  b,  nitre  in  a  and  0;  pOiitive  el«etlkfa 
goe4  frcrm  a  through  the  galvanometer  to  I,  producing;  a  dcAeH^SV 
140  ,  which  Iti^s  much  longer  than  in  the  fonncr  cases.  ^In  tkiaaM 
positive  electricity  goes  from  tbe  nitric  a«id  through  tbe  galvitnoiMtvr  H 
llir  nitrr,  and  likewise  from  the  nitre  throngh  the  galvnuonKter  tcti* 
pfita^h;  the  united  action  of  these  two  feebler  currents  prfMluoo*  ■  4>H^ 
tinn  greater  than  that  which  results  from  the  action  of  a  pria<npal  9^ 
rent  weakened  by  two  fechlcr  current?.] 

5.  Nitriu  acid  in  a,  nitro  in  b,  potash  io  «  and      poaiti<r«  riarKlir? 
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goea  ffora  a  through  the  galvanometer  to  6;  deviation  104'.  [The  prin- 
cijml  current  proiiucei!  hy  the  itclion  of  the  a*:iJ  on  llio  potash  is  npposeJ 
only  by  the  fet-hlcr  current  resulting  from  tho  mutual  actioa  of  potash 
ana  nitre,] 

6-  Potiiah  in  fl,  nitre  in  6,  nitric  actd  in  (t  and^;  positive  electricity 
giyea  from  6  tlirnugh  the  galvatiouieter  to  the  putii«b,  producltifjr  a  devtntion 
of  168".  IHere  again  the  principal  >carrent  pTO'daced  by  the  acti<^n  of 
potash  and  nitrio  acid  la  counteractfld  only  by  the  feebler  current  re- 
eulting  from  nitric  atid  and  nitre] 

B^cquerers  Oxi/(/en'CircuiL  A  glass  tnhe  (App.  11)  is  closed  at  its 
lower  oxtrcmity  with  clay  moistened  with  a  coneentrateil  solation  of 
pfttiLsh;  the  tube  is  then  filled -with  alrong  pcftash-aolutlua  audits  lower 
part  dipped  into  a  vessel  filled  with  strong  nitric  a«id.  If  rmw  the  plft- 
tinura  ends  of  the  galvanometer  he  immersed  in  the  two  liquidaj  u.  large 
quantity  of  oxygen  gaa  will  he  develo|)ed  on  the  enrfaco  of  tho  pln-tinuni 
in  the  potash  (it  may  he  muat  coovcniently  collected  by  having  tho  pla- 
tiuuiii  wire  which  dips  into  tbo  potash  cemented  into  a  gVias  tube  open 
at  the  bottom,  this  tube  being  afterwards  filled  with  potash  and  inTortcd). 
and  nitrons  add  will  aecDinulate  in  the  nitric  acid,  colouring  it  6rst 
green  and  then  hluo :  at  the  ^nte  time,  poditive  electricity  will  piLss  from 
the  acid  ibrough  the  galvanometer  to  the  potat^h.  Tho  action  ceutinuefl 
for  several  daye.  But  the  okctrio  current  is  very  feeble  in  eompartson 
with  tbo  copious  evolution  of  gita;  it  13  Eufficicnt  indeed  to  sc]iamte 
eopper,  when  paaeed  through  a.  solution  of  blue  vitriul.  but  not  to  heat 
fine  platinum  wire.  (Bc«querel.)  Jocobi  likewise  obtained  a  large  quan- 
tity of  oxygen  gas,  and  at  the  eanie  time  an  electric  curionl  which  de- 
composed iodide  of  potassiani,  but  not  eulpbate  of  copper. ^Moeer 
Dulk  {Pogij,  12,  91)  who  obtained  a  remarkably  large  qutvutity  of  oxygen 
gas,  found,  contrary  to  Becquer^l'a  i^t:ilemeDt,  that  the  electric  current 
thns  excited  pritdiicod  cold  as  well  as  heat  in  PflticrS'  appanitus. — Mohr 
ohiainod  no  uxygon  gaa  with  this  apparrttus,  ami  Ffatl'  only  a  few  bubbles 
in  aevern.1  hours;.  These  negative  reanlta,  possibly  arising  from  diffe- 
rences of  nmnipulation  or  in  the  materials  employed,  cannot  bo  considered 
of  eqnal  weight  with  the  oftou  verified  statement  of  Becquerel, — -bowever 
«nigmalical  it  may  appear  that  a  chennoal  action  accompanied  by  eo 
copious  an  evolution  of  oxygon  gas,  should  produce  a  current  so  fcchlo  in 
compnrifion.  It  may  perhapH  he  suaported  that  if  the  clay  be  moistened 
with  a  solution  of  common  salt  or  of  potash  containing  cliloride  of  iiolaa- 
Riutn, — nitrons  acid  and  chlorine,  together  with  a  salt  of  nitric  acid,  may 
be  produced  by  the  action  of  the  nitric  acid  on  tbo  chloride  of  siidium  or 
polastsium, — the  nitroitfK  acid  going  over  to  the  nitric  acid,  while  llio 
chhirine,  taking  the  opp'Osito  direction,  converts  the  pota^li  into  chloride 
of  jiotaasium  and  oxygen  ga«.  I  have  however  satisfied  myself  that,  even 
wbon  the  nitric  acid  and  potash  are  perfectly  free  from  chloride,  oiygeu 
gas  (capable  of  igniting  a  glowing  slip  of  wood  and  coudeatUDg  with 
nitric  oxide  gas)  ia  abundantly  dovcloped. 

If  the  nitrEc  acid  in  Becqucrerij  npparatua  be  replaced  by  a  miztnrQ 
of  2  parts  oil  of  vitriol  and  I  part  water,  only  a  small  quantity  of  oxygen 
gns  la  evolved  on  the  platinum  ininiersed  in  the  potai^b,  and  a  little 
hydrogen  on  the  platiwiun  in  the  acid^- — an  electrical  current  being  also 
produced  in  the  eanio  directcon,  capable  of  decomposing,  ncit  only  lodido 
of  jtota^iHiiiJii,  but  aliio  eulpbate  of  copper,  (Becqnerel.)  Mobr  ubtHiued 
with  tbo  same  nrrjingcniont  neither  gas  nor  electric  current  I  have 
also  tried  the  exporimeat  with  the  same  clay  aad  poLasb  that  were  imd 
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dilMed  vitk  wieh«>f  wmMr,— bul 
«f         Did  BeeqamTa  «a  «f  ritxial  ceatela 
■ilrie  aaJI 

iMtrf  wwfc  tfce  lifTiiifMr  iiMiakiiy  in  the  combi— tiow  idii 
■IfcaEi^  n«  esStnal  skia  m  aaJ,  ivocoM  ■calnM  of  Oi 
l(wiA  tfce  cmeptiiw  of  tW  <toMc?i)  mlknaM.  Che  H  iwiil 
is  «ra^^  mmU  the  liver  ilV^w  Od  pbeng^  one  platinva  tcmint- 
tian  of  the  piTMii—ta-  «■  the  ekm,  aad  the  other  in  the  moyth,  pMtin 
ekctricttj  »«■  &«b  the  Aim  tbm^^  the  ^ranotqeter  into  tbt  netk 
U  OM  n«  of  the  'cUnMflieier  taachee  the  mocxxt^  menbnM  «f  tb 
etMKh  of  u  asni^,  the  other  the  gmll-bbidJ^r  ot  the  inside  of  the  Um, 
«  iMeetiea  «f  the  neodle  U  prodootil^  l«ir«  u  gtvxt  u  in  th«  ]weesfi^ 
«xperuQe«t, — fMMtiBUi^  tLe  de*tk  of  the  aniirnl,  iwtl  only  diKiBiA- 
iog  a.  little  becxue  th*  Sudi  ue  do  longer  renemd,  Eron  wbn  tb 
stom&ch  And  liT«r  u«  taken  ont  uf  the  mninal,  the  axoe  ftctioo  i*  pt»- 
du<:e<l.  SLmUftr  correols  an  alio  excited  belveen  stonuelk  and  ^leea« 
atiDxry  bladder,  aa^  Iwf  em  Uadder  and  inteatinuB;  on  the  eantxvy,  m 
cnnvntft  a»  prodaeed  beinutn  the  two  kidneys  between  two  pteeaait 
small  intestine^r  or  beiveen  the  lirer  on  the  one  ude,  aad  tiie  paBcna^ 
«pleen,  or  intei^tioes  on  the  other.    (Donne,  Ann.  diitn.  PAy*.  57,  40*) 

Similar  ciincntA  are  alao  excited  in  plants.  IfoneextremilTof 
Tanometer  be  inserted  into  the^  e-talk  of  an  apple  or  pear,  the  other  Al 

rate  end  of  the  axli.  poeitire  electrieitj  faaeea  mm  the  famer  tkntA 
^ranometer  to  the  stalk.  Id  peacbes  and  apricota,  the  eleital 
cturent  tildes  the  eootniy  direetioa:  hut  do  current  is  excitad  wben  ^ 
ends  of  the  galraaomcter  are  inserted  ioto  tlie  fruit  at  right  ac^n  u  iti 
axis.  If  a  fmit  be  rat  into  two  parts  perpeudicalarly  to  iu  axi».  ih 
jaice  preeeed  out  of  each  of  them,  and  placed  in  Iwg  vupa  oooaeol»j  )j 
a  wet  strip  «f  paper  {App.  2),  aa  electric  cnrrenl  will  be  derploprd  ia  w 
same  directitin;  but  if  the  fruit  be  split  in  the  dtrecliyn  of  it*  axi^i* 
liquids  expressed  from  the  two  h&lreti  produce  no  cufreat.  The  wl 
is  therefore  due  to  the  diflfetpnce  of  cfaemiral  compogitioa  betircealb 
juice  in  tlie  neigbboarLood  of  tUe  atalk,  and  tbat  at  the  other  end  uf  da 
fruit,  nltlinngh  both  are  acid. 

6.        Deampoailioatf  rfeeted  by  the  cr^njcy  o/  I/rat  or  L  i^kL 
Bodies,  at  the  moment  of  Mparation  from  one  nnother,  tuke  up  the  iM 
of  electricity  oppoaite  to  tliat  which  tlicy  exhibited  durinp  combinalwa. 

[According  to  what  had  already  been  said  {pp.  32S  ,.  G:tO),  it  incut  b 
eappoeed  that  when  water  coinhines  with  acids,  negative  electricity  fim 
the  water  und  p&ritivo  electrtcity  from  the  acid  combine  to  fonn  hat; 
nnd  when  the  water  ia  fcparated  from  the  acid  by  evaporation,  itouN 
again  tuko  up  tbo  oegalive  electricity  which  it  bm  Iwsi,  while  the  aal 
miutt  recover  tU  poflilivc  electricity.  This  is  eflccled  hy-  the  ileooam- 
aitiun  of  piirt  of  the  heat  present,  the  elements  of  which  are  diviM 
bntwecQ  the  water  and  the  acid.  U  appeare,  however,  tliat  very  Mai 
((uaiitil'ies  uf  water  and  acid  get  separated  frnm  om  another  withtel 
having  time  to  recover  their  lott  electricity.  Theao  ^mull  c{aaatitiei  af 
aeparaled  ntinerma  vapour  ami  acid  then  decompose  other  portions 
lo  make  up  the  dcricifncy.  Thus,  the  water  takce  lao^rntive  e" 
nnd  t-PlA  iKwitive  electricity  free,  w  hile  the  acid  Iako»  up  |Ki(itti 
tricity;  jiu  that  free  nei^alivo  electricity  may  be  detected  m  the 
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In  the  BepanLian  of  water  from  alkalis,  on  tlie  contrary,  wo  might  expect 
that  lIig  positive  electricity,  which  tlio  water  had  lust  hy  it«  prcvioua 
combiuatian  with  the  alkali,  would  be  iigitiii  taken  up  by  the  tUjUeQUs 
▼ajiour,  and  that  the  alkali  would  ii^-iiin  tnke  up  tiegaLive  flectriuity,  bo 
that  positfvt.'  ctectrtuily  would  bo  J4ot  free  in  the  vessel;  this,  however,  is 
at  variauce  with  the  statements  of  Becqiierel  and  Feehnei' (p.  332),  It  is 
reuiarfciible  that  .ilt  salta,  oven  those  wliicb  arc  very  ulkaliuer  liko  car- 
bonate of  potitsb,  bchuve  iu  thh  respect  like  acida^. 

No  electricity  is  developed  in  the  evaporation  of  pure  water,  not 
even  when  it  ia  dropt  into  a  tcd-Lot  platinum  crucible  in  which  Lcid«n- 
fruat's  pLcnoineooii  19  produced,  followed  by  rapid  boiling.  (Bccquerd  ; 
Scliwfligger,  jSV/iw.  44,  171;  PouiUet;  Peltier). — Similarly,  with  the  moat 
highly  couociitrated  autphuric  or  nitric  acid  and  glaeial  acotrc;  acid.— . 
Wheu  tho  water  coutaiua  potauli,  soda,  borytu,  Klruiitia,  or  limo  in  sola- 
tion,  the  vessel  constantly  becomes  posiUivo,  feebly  during  tho  conti- 
□uance  of  Leidenfroat's  phenomenon,  atroii^ly  duriug  the  Eubsequent 
hoiling.  With  solution  of  aniinoiiia,  the  voseel  become*  negative,  bccaitee 
In  thiti  case  it  is  principnlly  tbe  nminoiiia  which  evaporates,  wliile  tho 
Water  remains.— If  thej  water  contains  only  snlpburic  ucid,  glaoial 
Bicctic  acid,  or  any  other  acid,  or  any  carbouiite,  sulphate,  chloride,  nitrate, 
or  aoelattf,  the  vessel  bfjcouiee  neyative.  Hence,  the  electricity  of  the 
atmosphere  may  in  |;reat  jjart  be  attribnted  to  tho  evaporation  of  gea- 
Water,  and  other  kinds  of  water  not  quite  pare,  on  th*  surface  of  tlie  earth, 
and  iu  the  bodies  of  plants  aud  animals. — When  pure  water  evaporates 
in  vessels  of  iruu,  copper,  or  e-ilver  contftining  copper,  tlie  vessel  beeomcs 
negativti  fruiii  couinieiicin|C;  oxidation,  even  wbou  the  water  contains  an 
alkali  iu  solutioti.  (Ponillet.) 

Peltier  remarked  that  in  the  evaporation  ef  a  aolution  of  commoQ 
Bait,  nci,'ative  electricity  wag  perceptible  only  at  the  moment  when  the 
remaining  salt  lie^'Uii  to  decrepitate, — an  ellcct  which  also  takes  plaeo 
on  the  decrepitiitton  of  crystala  of  eumiuon  salt  thrown  into  a  red-hot 
platinum  crucible.  Hence,  according  to  Peltier,  thfi  electricity  does 
Dot  Iwcome  ttpporeot  till  the  last  portions  of  wator  separate  from  tho 
ealt. 

VajMHir  escaping  from  boilers  often  exhibits  positive,  and  the  boiler 
negative  electricity.  If  one  hand,  or  a  plate  of  tnetal.  or  a  bundle  of 
wires  with  numerous  points,  be  held  iit  the  stream  of  vapour,  and  tho 
other  brought  near  the  bt>iler,  a  sjiaik  may  often  be  obtained  from  tho 
latter.  The  higher  the  pressure,  tJie  stronger  is  tho  electricity.  Tho 
cloud  of  Hteani  which  collect*  under  the  roof  of  tho  building  also  contains 
electricity.  If  the  boiler  be  cleaned  from  tho  incniBtatiou,  <!hicfiy  cou- 
eisting  of  gypsum,  which  liuea  it,  and  fed  with  rain-water,  no  electricity 
will  lie  developed:  with  spring- water,  the  electricity  wilt  not  bo  appa- 
rent at  firat-^not  in  faet  till  a  ecdiiiieiU  has  been  formed;  and  as  thia  in- 
ereasea,  the  development  of  elcctriiity  will  increase  aljso.  {Armstrong.} 

By  experiinents  made  with  a  boiler  of  ciin-metal,  30  inches  long,  4 
inches  wide,  heated  wilh  coke  in  an  insulated  furaaoc,  nud  furnished  with, 
a  glass  tube  and  atop-cock  to  regulate  the  cecnpe  of  tlio  vapour,  the  fol- 
lowing results  were  obtained.  When  the  vapour  is  allowed  to  escape 
with  the  Bafety-valvQ  open,  tliat  is  to  say,  »t  the  ordinary  atmospheric 
p^eBSll^o^  no  elcetridty  is  apparent;  but  at  1  lb.  pressure  per  f^uuare  inch, 
the  electricity  begins  to  show  itself.  At  31b.  pressure,  tho  boiler  gives  a 
epark  after  the  etcam  ha»  been  ewflping  for  a  minnte.  At  15  3b.  pres- 
Hurc, — if  tho  fitop-cock  be  ao  turned  that  tho  qiianlity  of  vapour  escaping 
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iu  n  given  time  sb&U  remain  tbe  eame, — tlie  quantity  of  electricity  b*- 
double;  at  50  lb.  proHsare,  treble;  at  120  lb.  qnajlnqdo,  mil  •* 
250  lb.  (laiiituple  tif  wLfit  it  wua  at  3  lb.  pressure.    At  100  lb.  pteaBOTW,  k 
LeyJeu  jar,  the  knob  of  wlilcb  is  lield  in  tlio  jct  of  vapouf^  while  it*  oul« 
coating  IS  cooneeted  with  the  boiler  or  furnace,  hoeoines  cliRrged  in  two 
miuuteH; — tbe  apparatus  may  tbcrefore  be  used  as  an  electrical  machine. 
The  vapour  is  generally  pcwiitirc,  tlie  boiler  negiifcive.    TLose  TOuJitiwiia 
arc  seldom  reroraed;  aud  even  T7lien  they  arO;  tie  electri<.'ity  first  beconw* 
appjirent  atfv  preBsaro  of  1  Hi.,  and  incrcnses,  an  tbeprespuro  rieee  to  30lb. 
in  the  fliimo  ratio  aa  in  tbe  former  olso;  but  at  a  Btill  biylier  pressure,  tlio 
boiler  exbiblta  negative  electricity  duriug  the  first  fuw  niiautee  '-'f  iho 
escape  tff  the  vapour,  acil  ptisUivo  aflsrwnrdg.    When  an  a-ltno^t  piiiptt 
iKiiler  is  heated  till  all  tlie  water  is  inverted  into  vapour,  tbo  boilei  aleo 
bccouieB  electrilSed,  on  the  escape  of  the  vapour,  and  it«  electriL-ity  u 
negative.    From  tbie  it  would  appear  that  the  development  of  electnciiy 
K  due,  not  no-  much  to  the  formation  of  the  ™pour,  aa  to  ita  precipitation 
by  the  eolJ  air  (or  to  its  ejqmaeion,  Gm,?}. — The  ofteaer  the  boiler  ia 
need,  the  more  does  it  become  inclined  to  aeenme  a  positive  cliftrgo;  » 
that  at  last  the  raponr  almost  always  eihibits  ue^ntive  clectricitjr.  !■ 
this  caw,  the  inside  of  the  boiler  is  not  found  to  be  otiJal^^  la  tha 
tfliglitvat  degroSj  and  its  tendency  to  become  positive  ia  not  dcistrojml  by 
waeJiing  it  out.    But  if  a  very  sniall  "luantity  of  po'tasb  or  soda  bo  xUad 
to  the  ■witter  in  the  boiler  (lime  iloes  not  aet  ao  Ktronjjiy),  the  Tapoor  OSN 
moro  beeenios  eo  strongly  positive  [inW.  Poulllet's  experiments,  p.  347] 
that  it  will  give  thirty  sparks,  lifllf  au  iaeb  lonn;,  in  a  minute.    A  vcrf 
small  qu/intity  of  nitric  atid  f>r  su]]ihatQ  of  copper  makes  the  vajwur  ne- 
gative.   HydrocLlorie  acid,  aulpburic  acid — ettncr  alone  or  mixfid  with 
iron  filings — and  common  Boltj  produce  no  ctrcct. 

1  Fiimdiiy  has  shown  that  electricity  is  never  excited  by  the  ymtrntfi 
of  pure  Bteam.  and  ia  manifeated  only  when  water  is  likewise  prwent. 
Ileiicc  he  concludes  that  the  oflcet  is  altogether  duo  to  the  friction  of  tbo 
f^tubules  against  the  aides  of  the  opening,  or  against  the  substancce  opi>os*<i 
to  its  passage,  as  the  water  ia  niptdly  movefl  onwards  by  the  current  el 
eteani.  Accordingly,  it  was  found  tote  incrcaaed  in  quantity  by  incr«>*- 
ing  the  pressure  and  iinpeUing  force  of  the  Gtcnm.  The  immediate  effec* 
of  this  friction -was,  in  alt  ctses,  to  render  the  steam  positive,  and  tk* 
Bolide,  whatever  they  nitfjht  he,  negative.  In  certain  circumstancou,  hfl»* 
ever,  as  when  a  wire  ia  placeil  in  the  current  of  steum  at  eom^  diotaovc 
from  the  orifice,  tbo  solid  exlL)bit4  the  positive  electricity  actjiiired  by  tl* 
stesjii,  of  which  it  ia  then  morely  tbo  recipient  »nd  conductor.  In  liks 
Dinnner,  the  results  may  be  Kreiitly  modified  by  the  fthape,  aatUI^ 
and  teni[»rature,  uf  the  paaeages  tbrmigh  which  the  rtftam  ill  fottmi. 
Hi-at,  by  preventing  the  condensation  of  the  etesni  into  waKr,  ItlnvtM 
prevents  the  evolution  of  electricity,  which,  howcvi>f,  speedily  appeuiM 
cooling  the  pMsagea,  ao  as  to  rostoro  the  water  which  ia  necessiiT  for  Ik" 
production  of  tlint  effect.  The  pheDomcnoii  of  the  evolution  of  cleolrieitjr 
in  these  nrciinintanccfl  U  dependent  niso  on  tbo  tfunlihf  of  tbr  flaw 
in  motion,  mori;  t'epccinlly  in  relation  to  its  rondnrting  power.  Wak* 
will  nut  etrile  ploirtrifity,  unleFe  it  be  pure:  tho  addition  of  any  solflW* 
pall  or  acid,  cvrn  in  iniiinti.'  i|nrintity.  ia  eutHcirnt  \n  destroy  ihis  pl"^ 

Scrty.    Tlic  addition  of  oil  of  liirpt-Qiine,  on  the  contrary,  occasions  the 
evelTrjnnent  of  electricity  of  Hie  uppoaite  kind  U)  that  wbirh  is  exvitid 
by  woter;  boOBuie  «scb  particle  of  the  water  bccvmee  oo^red  iriA  • 
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til  in  Elm  cf  oil, — bq  t  hat  tha  frictiun  takes  placu  ooly  botwecn  tliat  extornal 
film  nuil  the  Bulidii  almg  whrxso  surfiiue  the  globules  of  Ij^guid  are  oiir> 
rioil.  A  jsiuiilai'  F>iit  mure  Fieiiuaneut  cffoct  u  pEOiiuuod  by  the  iirnsme^ 
of  plive^oil,  wbicli  is  ant,  like  oil  of  turpentine,  fiubjuet  to  rapid  dissiiHi- 
tioD.  {Exjiernn^nlal  lietearchtt,  Series  18;  abstr.  FhU,  Mag,  J.  22,  186. 
stlau  Armstrong,  Phil.  Mag.  J.  22, 1.)  If 

PfalT  fouud  {Po'jg.  53,  313)  that  ilio  vapour  Issuing  fr&m  &  Fapin'i^ 
"3ig"06(,er  was  poeitive,  and  the  digester  itself  negative — eren  wlica  tho 
water  cos  taiQ&d  potasb,  carboBate  of  polasL,  sulplmric  ftcid,  t>r  comotan 
aalt — (heatrepgtlj  of  tbe  cbarfrQ  incresaing  witb  t!io  tension  of  tbe  vapour; 
be  also  obtaini>d  more  electricity  oo  holding  the  metal  plate  in  tbe 
Ta|>our  at  some  inches  dist^c«  from  the  tube^  tbati  when  bo  held  it 
oloscf. — Williams  {Phil.  May.  J.  IW,  33)  aleo  found  tlie  boiler  negative. 

When  ail"  is  uompressed  in  metallic  ve&sel  to  eight  times  its  ordinarir 
density, the  i(ia&c\  genttally  becomeanegfLtiT*  when  the  atop-coclc  is  opeDeJ, 
and  givog  aparks  a  I'juartor  of  au  incU  long,  whiUt  tbe  mt  which  escapes 
Bhowu  positive  clccLricity.  Muro  electricity  is  obtaincrt  when  tbo  v£\asel  ia 
cold  and  clanipjtlian  wbon  it  is  warm  and  dry,  A  porfcctly  dry  vessel  ceases 
to  hXkjV!  signs  of  electricity  even  wLcq  moderately  betited,  a  damp  ono 
not  till  it  is  ben.tod  strongly;  but  in  tbe  c<jldf  daoipucaa  does,  not  Bccm  to 
increase  the  electricity,  ( Armatroug.)  [Since  the  experiment  traa  miiJo 
witb  a.ir  not  perfectly  dry,  it  is  possible  that  water  may  have  been  de- 
poyilcd  during  \t&  coitiprea«i»u,  and  after  combining  witb  impurities  in 
tbe  vcfisel,  itmy  have  lx;en  [ignin  eonvertcd  into  vnpour  on  the  escape  of  tbo 
air.  A  repetition  of  these  cxperimenta  witb  dry  air  is  therefore  deairahlo, 
iu  order  to  ascertain  whether  tbe  electricity  proceeds  from  cbemiail  or 
Uieoliatiicai  causee.] 

If  a  niixturo  ot  wator  and  peroxide  of  hydrogen  bo  placed  in  a  pla- 
tinum epoon  eonuected  witb  the  galvauomcter  {App.  I),  uid  a  piece  of 
Bpoiigy  platinum,  gold,  ot  silver,  or  even  finely-divided  ignoble  metjila, 
alfiu  oonnected  with  the  guiviinometor,  he  dipped  into  tbe  li(|uid, — oxygon 
gu  will  be  evolYcJ  from  tbe  peroxide  (A  hydrogen,  and  positive  electricity 
wiil  pass  from  tbe  spoon,  tbruu|E;h  tbe  gaivaaomcter,  tu  the  spongy  metal. 
If,  ou  tbe  contrary,  o3:ide  of  silver  or  liydmte  of  potitsh,  wmppud  up  iu 
muiu^t  paper  and  held  in  tbe  forceps,  be  flipped  into  the  liquid!,  an  opposite 
ourreiit  will  be  produced.  (fJiediuerel.)  [In  the  firat  titse,  oxv^jen  gas  ia 
evolved  on  the  surfitco  of  the  Npongy  metul, — in  tbe  second,  on  the  platinuoi 
spoon, — and  renders  it  negative  by  removing  ita  positive  electricity.  The 
Water  which  hiu  lust  its  oxygen  tatces  tip  negative  electricity,  and  seta 
posittve  electricity  free.] 

Since,  in  the  t^omhinatioD  of  carbon  witb  oxygen,  the  former  eshibita 
ne^tive,  tbclattei-positive  electricity  (p.  329), — it  ie  probable  that  when 
carbonic  acid  is  dccompueed  by  plants,  under  tbe  influence  of  light,  into 
oarbon  which  \s  retained  by  the  plants,  and  oxygen  which  m  ect  free,  tha 
plants  will  exhibit  iToeitive  electricity.  When  seeda  are  suffered  to  ger- 
iDioat«  in  mould  containeil  in  twelve  isolated  pans,  and  the  mould  in  all  tbo 
pons  is  eosneotcd  by  a  metallic  conductor  with  the  coudenseT  of  tbe  electro- 
meter, no  electricity  is  perceptible  during  the  first  two  daysof  germinatioHi 
but  afterwards,  when  the  planta  are  more  advitnced,  negative  electricity 
dhows  itself  both  in  the  day-time  and  at  oigbt.  In  two  iniatajiccfi  only 
did  the  negiitivo  electricity  gradually  diminii^h,  and  give  place  to  feeble 
positive  electricity,  which  continued  during  the  remaining  lime  of  t^ 
,  the  alow  couibuatloa  of  tl 
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^^^^^  from  carbon  Pita  of  lime  to  oialic  acid;  from  Biilpturic  or  nilrlo 
acid  to  chloride  of  potaasiurn  (strong);  froto  suljiliuno  acid  to  chloride  of 
barium.  (Noliili.) — From  oi!  of  vitriol  to  fiolutioiiB  nf  coniinon  Ball.,  a^retate 
of  baryta,  or  acetate  of  lead ;  from  concentrat'trd  solnLlon  of  siitphule  of 
alamina  or  blue  vitriol,  to  aniTnonia;  from  nitrate  of  &ilver  to  li^drothlorio 
acid ;  from  porchlorido  of  iron  to  concontratcit  or  dilute  sulpliiiricovitl,  tim- 
^OTiia,  or  potaati,  (WaJcker.) — For  compliccited  caeea  witii  App.  IQ,  vid, 
recbner  {Fogg.  48.  1  and  225). — In  tlie  ileeompoaition  of  culoniel  by  uitrio 
Bid,  positive  electricity  goea  from  tbe  acid  through  the  galvanometer  to  tlia 
Ccalomel.  (Do  la  Rive.) — Wlien  carbouate  of  potash  ia  deconipoised  by 
uitut?  ^ulpEiuric  aeid  in  a  inetnliic  veBscl  staiidiug  od  the  electrometer,  tbg 
'jiistrum^nt  sbowa  a  negative  charge.  (Lavoisier  it  Laplace,  Crellj  Ann. 
1788,  If  351),    [I  Lave  alao  obtained  negutlve  electricity]- 

Slectricity  in  dewmpotitwni  by  Doublt  A^nity.    Posttive  electricily^ 
OS  from  greeii  vitriol  through  the  galvanometer  to  ftrrocyanido  of 
taaaiuin ;  from  tincture  of  galls  to  green  vitriol.  (Bccntierel.) — From 
line  eulpb:ite»  to  nitrato  of  baryta.    (Nohili.) — From  ddoride  of 
irium  to  carbonate  of  soda;  from  chloride  of  calcium  to  sulphate  of 
Bppcr;  from  pcrchloride  of  iron  to  hydros ulphuret  of  aniiiionium  or 
fenHM-yanide  of  potaseiiuni;  frobn  sulphurct  of  copper  to  carbonate  of 
Faoda  or  fcrroeyanide  of  potassium;  from  nitrate  of  silver  to  common  ealt, 
rncetate  of  potash,  or  feriocyanide  of  potassiiim  ;  from  chloride  of  gold  or 
|}>Iatiniiin  to  ferrocyanidc  of  potassium.  (Walckor.) — For  complicated 
Jics  with  four  vesaels,  vid.  Feclmcr. 

EhdricHy  \ii  Fermentation.    If  tivo  horizontal  metal  plates  connected 
fith  tho  galvanometer  be  immersed  in  fernientin^  beer-wort,  one  at  the 
[bottom  of  the  vcasci,  the  other  near  tho  surface  of  the  liquid,  poBttive 
Felcciridty  proceeds,  at  first— eo  loag  as  tho  yeast  remains  at  the  bottom — 
ffroTQ  the  loiTer  plate  through  tho  galvanometer,  to  the  upper;  nfterwardB 
fchen  the  yeast  risee  to  the  euiface,  tho  current  takes  the  opposito  direc- 
tion.   Hence  it  appears  that  negative  electricity  alwajH  proecieds  fnim 
the  yeaat  (on  which  the  bubbles  of  carbonic  aqiu  gas  are  evolved.)— «/". 
^tah  {Phil.  Mag.  J.  U,  53D.} 

(B.  In  the  A  ction  of  Perfect  on  Imjxifeei  Conductort. 

SisiPLE  Galva^jio  CmcriT. 

I.  Two  Melals  and  one  Liquid. 

When  two  metals  are  placed  in  contact  with  an  imperfectly  con- 
ducting compoutid  liquid,  and  connected  together  at  some  point  within  or 
vitbout  the  liquidj  either  immediately  or  liy  moans  of  a  good  conductor 
(a  wire),— anil  moreover,  one  of  these  metuls  has  tlic  powci"  of  decomposing 
the  liquid  by  appropriating  otic  or  more  of  its  element*,  whilst  the  other 
is  cither  destitute  of  this  power  or  poascfiHes  it  only  in  a  leaa  ilpgreo, — 
then  (l).  Decomposition  takes  place,  and  a  new  compound  i«  forme il  on  the 
first  metal  only;  whereas  the  second,  if  placed  alone  in  the  liquid,  would 
in  many  casei  exert  a  decomposing  action  upon  it,  and  deprive  it  of  ihe 
V6ty  elements  which  aie  actually  taken  from  it  by  the  tirat  metal;  (2). 
The  decompositicin  goes  on  more  quickly  than  it  would,  if  tlie  first  metal 
were  placed  atoiio  in  the  liquid.  (3).  Those  elcinenta  of  the  liquid  which 
are  Eot  free  by  ihc  abstraction  of  the  olhere,  do  not  make  theiriippeaTanco 
at  tho  surface  of  the  first  metal,  where  the  aetion  taken  place,  but  at  the 
enrfaco  of  the  eccoiid.  (4).  Tbia  action  ia  invariably  accompanied  by  a 
|>owcrful  electric  current;  and,  wlioa  tlio  first  metal  take«  £c»nn.l.VciVw^\\, 
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oxygen,  chlorine,  iodine,  sDlpfaar,  and  Iho  othsT  fro-oaJIetl  elect rtMiHtUrt 
SuUstaacGB — aad  liberate*  liydro«[en,  mctale,  and  other  fio-calle<I  d«tn>- 
posittvo  substance?,' — positive  electricity  govs  directly  from  the  jiaaiwto 
tlio  active  raotui,  and — if  tho  current  be  supposed  to  oontiimo  throngi  tie 
liquid — from  tbo  acting  meio,!  through  iha  liqnid  (o  the  pafsive  mctaL^^J 

[a,  The  so-ca,llo<l  electro-ne^tsve  hodies,  vln.  oxygen,  cblorinc.  t^^| 
mine,  sulphur,  flrc.  contain  positive  electrJtUy  as  well  as  heat  in 
eofnbiKed  stute,  and  the  eo-c»lled  electro-pc>6itiv&  todies,  as  hydrogen  uit 
motals,  contaiti  negative  electricity  similarly  combiBeil.  Id  the  ponibiiii- 
tiou  of  an  electro -posit  Itg  with  an  elcctro-negativo  Tiody,  the  opjweito 
electricities  n^utmEize  one  another  more  Or  less  completely  nnd  jiri>Iu» 
fire;  in  water,  e.g.  tho  oxygon  has  lost  ita  poaitiTG,  and  the  Lydrogcii  iU 
negative!  electricity  (p.  lr>7,  15R). 

ft.  When  ti  mctAl,  such  &9  ztne,  eomeg  in  coTitact  with  Wftt^t,  it*  fWl 
affinity  for  fvxygcn  canses  the  oxygen-atoina  of  tho  cotittgtioiij  atonu 
TTTitor  tn  turn  towajda  the  zinc,  nnd  the  hydro^on-fttoms  the  pnntufy 
Tmy.  This  arrangement  is  propagated  (lirotig-hout  tho  whole  mags  of  wstc; 
BO  that  tho  hydrogen-atOTO  of  Kich  atom  of  water  is  tnmcd  towaldi  th» 
Oiygen-atoin  of  the  next.  {App.  H.) 

c.  The  oxygon -atoms  lying  nearest  to  the  «inc  unite  with  il  ao^  fidB 
oxide  of  zinc.  This  sets  free  tho  negative  clcetricity  of  the  sine.  At  ^ 
same  time,  the  nascent  hydrogen  haa  to  recover  the  negatire  eleetriei^ 
whitih  it  had  lost  by  combination  with  oxygen  in  the  form  of  watrr:  ft 
therefore  tattcs  thia  negative  electricity  from  tho  zinc.  Bnt  the  oxy^ts- 
atom  situated  hctwoen  tho  nine  and  tlio  hydrogen-atom  interfensi  vitk 
this  transference  of  electricity:  consei[wently,  an  extremely  sioill  qaurtttj 
of  negative  clectrietty  liecomoB  neeumulatcd  in  tho  zino,  and  a  oon**' 
pending  quantity  of  pogitivo  electricity  in  the  water;  because  that  partial 
of  the  nascent  hydro.gea  which  doea  not  receive  negatiro  olectricily  ttm 
the  ztDc  takes  it  from  ttie  caloric  of  tho  ^ter,  and  therefore  eeU  fm 
Bomc  of  tho  positiro  electricity  of  that  liquid. 

d.  When  another  nietal,  copper  for  oxaniploj  h  pliiced  in  tie  ma 
near  the  zinc,  Lut  without  touching  it,  this  metal  likewise  atlmcU  tb 
Dxygcn-atoma  of  lie  water,' — and  we  may  suppose  that,  biaco  the  alons  d 
water  turn  their  oxygen-atoms  toirnnw  hotn  metals,  a  limit  *  wiU  h 
found  between  the  two  tnotailB,  buit  nearer  to  the  <"opper  IIibd  to  the  sk 
at  which  every  two  hydroj^n-atnms  cuine  in  contact  with  each  other. 

f.  If,  on  the  other  hand,  zinc  and  copper — or  another  metal  wLm 
affinity  for  niypcn  in  Iphh  than  that  of  zinc— -arc  placed  in  mHallit 
contact,  either  directly  or  by  mcrths  of  "a  wire  (e.  y.  that  of  the  ciin- 
nometer),  the  following  change  takes  place.  The  negatire  clrdtiwiff 
Bet  free  in  tlio  ainc  parses  over,  in  preater  or  Icsa  quantity,  dirrein 
to  the  copper; — thonce  it  attntcte  the  hydrogen-ntom  of  tfie  ad)M«> 
atom  of  water  in  every  scries  of  atf^ms  of  water  situated  hrtwM  Ik 
Eine  and  copper, — pnfisee  over  to  it,  and  caneca  tt  to  escape  in  the  frm 
of  hydrogen  In  this  case,  aJl  the  nxygen-atoms  ari>  tiime>d  torn* 

the  EJne,  and  all  the  hydrogen -atflnur  towards  the  copper,  in  cx>nMn«N 
of  the  attraction  exerted  upon  tbcin  by  the  negative  deetriritr 
Itom  that  metal,    Tl  w  mmalfvial  whrihrr  we  my  tfuU  u- 
j/oei  (hrowjh  the  rmfrtllk  arc  from  the  zinc  to  f!if  copper^  o:  ■ 
vityfrvm  tJtt  copprr  to  ifie  zinc. 

/.  In  Pdcli  ecries  of  atomw  of  water  between  tho  linc  and  t<opttr,% 
tnutoul  di!ipln:eniL'ut  of  the  oxygen-nionia  from  the  cuppt^r  towatwl^' 
line,  and  oi  tlio  bydiogQa-B.bima  Itm  \<^%^a4&  the  copper,  muni* 
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l^ppOMtl  to  take  place, — the  wht&e  remainljig  unaltered  in  compAsition 
tbroDglioiit  lis  whol^  mnAs;  wbilc  the  Uxfitioii  uf  ojcyfftn  tukeK  placo 
l-oaly  iit  the  Riirfacc  of  tLe  zinc,  and  the  liberation  of  liyJrogen  at  tlie 
t'Bumre  of  tEie  copper.    Suppose,  for  tlio  sake  of  illmjtratiwn,  tliitt  only 
[  Jbiir  attiinB  of  water  are  sitnatod  in  a  row  LetwpEn  the  zinc  and  copper  {tlio 
stual  number,  cren  with  a  small  Interva]  between  the  nietaJ»,  would 
tl»robai]]y  be  several  niillioos); — iLeii,  the  zmc  takce  up  the  oxygen-atom 
fl,  and  tlie  Lydrogcn-atom  4  oecapoa  at-  the  surface  of  the  copper.  Next, 
rttie  hydrugcu-stoni  1  unites  with  the  oxyg^""^*^!"     ■^i''  ^iwilaflj)  H  2 
r\(h  0  3,  and  H  3  with  0  4, — .ind^  uotwishatauding  the  sepamtion  of  the 
two  pleuipntB  of  the  water  in  dilfereiit  placosj  every  thing  m  the  middle 
"emaiue  apparently  tranquil  and  unalterfd,  and  no  visible  citrrcnt  is 
jrmed  in  the  water.  {App.  15,  a.)    Since  now  oneatom  of  water  bas  difr- 
i>pe»re<i  from  the  series,  another  atom,  5,  ia  tranisferred  to  the  scrioa  from 
Ihe  surronudiniH;  water.  {App.  15,  b.)    In  this  eerics,  all  the  hydro-gon- 
Itoms  are  tqmeit  t-jwards  the  zinc;  but  the  afiSTjiLy  of  that  niotul  far 
Xjyen  irnnicdiate]y  cftuso?  the  atmiiB  of  water  (o  turn  half  round,  §o  that 
II  tito  oxygen-atoms  nmj  be  diroctpd  towards  tlio  zinc.  (App.  l,"),  c,J 
"he  ZLiic  then  roniliines  with  0  2,  and  H  5  ia  evolved  at  the  surface  of  the 
Qppop;  B9id  thus  the  process  is  repeated,  as  long  as  the  ottdatiun  of  the 
lac  goes  on.    The  hydrog"en- atoms  move  in  semi-circles  towards  the 
iglit,  first  upwards  and  then  downwards,— tho  oxygen-atoms  towards  the 
I  ftllemately  upwards  and  downwards,  till  the  former  rench  the  surface 
the  copper  and  there  eaeapp,  the  Sattet,  the  surface  of  the  ainc  A»d 
combine  with  that  metal.    This  Giiiiullaneons  transpositioD  of  the  two 
kinda  of  atoms  may  be  represented  by  the  lines  in  ApjK  16. 

^.  It  appears  then  that  there  are  two  kinds  of  chemical  action  t-o  be 
di^tinguiehed  r  the  puretif-fhrmical  and  the  electro-cIimicaL  The  former 
takes  jdnco  when  nine  is  placed  alone  in  contact  with  water  (b,  r,) :  it 
doo3  not  give  riee  to  an  electric  enrrent,  bccauee  the  negative  eloetricit^ 
pusses  direetlv  from  the  eine  to  the  hydrogen,  lint  when  the  zinc  19 
connected  with  another  perfect  conductor — which  in  thi«  ease  plays  only 
tbe  paseiro  part  of  transferring  the  negative  electricity  to  the  hydrogen 
— electro-chemicaJ  action  ib  produced,  the  electricity  passing  along 
from  the  zinc  to  the  copper— oven  when  the  connecting  wiro  lb  of  ^eat 
length' — and  giving  rise  to  a  mutual  transposition  of  tie  Ptoine. 

ft.  The  cause  of  both  pure  chemical  and  electro-chemtcal  action  is  to 
be  found  iu  the  affinity  of  fiinc  for  oxygen ;  that  of  the  latter,  more  osi>e- 
cially,  in  thm  obstacle  which  the  oxygen-at^m  situated  betwoon  the  ztno 
and  the  hydrogen -atom  oppose?  to  the  transference  of  negative  clectririty 
froin  the  zinc  to  the  hydrogen.  For,  the  electricity  hoing  able  to  traverse 
metals  with  the  greatest  facility  and  rapidity,  prefers  the  tircuitoua  road 
from  tho  zinc  to  the  copper,  and  transpoafs  the  atomft  of  the  water,  which 
• — eince  it  possesses  the  peculiar  mobility  of  a  liquid,  and  since  the  new 
conipountLi  formed  are  equal  in  number  to  the  atoina  decomposed — appears 
to  offer  no  great  opposition  to  the  change. 

t.  Thia  last-mentioned  opposition  ia,  however,  'in  moBt  cases  suffi- 
ciently great  to  cause  a  part  of  the  pnrcly  ohemieal  action  to  go  on 
aimultoneonsly  with  tlio  electro-chemical.  The  negativeelcclricity  avaiia 
itself  of  both  pathe  to  paea  from  the  zinc  to  the  hydrogeti — the  direct 
route  and  that  through  the  copper.  The  stronger  tho  purely  cliemieU 
action,  the  weaker  is  the  electric  cturent.  Tho  ■electro-chemical  action, 
and  therefore  tho  electric  current,  is  atrengthoned,  and  the  purely  chemical 
action  proportionally  weakened:  1.  By  dimimsliiDg  the  diatauce  between 
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the  copper  and  zinc  witliin  Llio  liquid, — ttccaittse  the  difficulty  anwd  br  il* 
transposition  of  Iho  atoms  ia  thereby  ^omowhat  lessened.^— 2.  By  ibcku- 
iiig  tliG  surface  of  copper  in  contact  with  iUc  liquid,— l>ec&.niie  the  ttlM- 
foretice  of  tho  negative  eleclricity  from  the  copper  to  the  hydrogen  of  ih 
Wdtor  is  thereby  fn^ilitatod. — 3.  By  faciUutiu^  the  niechaaical  renwvil 
of  the  buhbtea  of  hydrogen  which  nccuimiliitc  oa  the  c»pper  and  diminiA 
its  acting  surface. — 4.  By  ptirifytiig  tho  /.inc,  and  consequently  et^rialirinj 
the  power  wttli  which  tho  different  points  of  its  surface  attract  the  oxyeca 
of  the  water.  For  even  if  tho  Bine  contaiTia  hut  a  sjaa.ll  quantity  of  olW 
jnetak  (except  mercury),  these  iitipuritica,  in  conibiuatioa  with  a  smftllpcr- 
tion  uf  the  zinc,  form  nlloye,  q-hich,  hein^  nieclianieally  diifuBed  throvgk 
tho  rest  of  the  nietiil,  and  having  leea  fiftinity  for  oxygen  than  pore  va^ 
produce  an  action  similar  to  that  of  copper — that  ia  to  say,  while  tte 
oxygon  goes  over  to  thci  pure  zinc,  these'  filloya  trjunafer  the  liberated 
negative  electricity  to  the  hydrogen,  thereby  producing  a  local  eUtlr^ 
chemical  action,  by  H"hi<;h  the  current  from  tho  aine  to  tli&  COpIWf  H 
weakened. — 5-  An  opposite  effect  is  pj-odm:ed  by  covering  the  atwrowirf 
tlio  zinc  with  iiietcury.  Amalgamated  zinc  exhibits  with  water  tad 
dilute  acids,  only  clectro-cheMicaK  not  purtjly  chemical  action.  \Miit  ii 
ia  tlat  hero  provcnta  the  direct  passage  of  the  nc^^ativo  electricity  boa 
the  ziuc  to  the  hydrogen  remains  yet  to  be  discovered. — 6.  The  nalm 
<if  tho  liquid  has  likewise  botiio  in^ucnce.  Thus,  water  is  mor6  iocliwrf 
to  elMtro-chemica,!,  nitric  acid  to  purely  chemical  action — poswibly,  heouiM 
the  oxygoti-fitoiii  oifera  a  more  effectual  obstacle  to  the  tranefereocc  ^ 
eloctriclty  from  the  nine  to  tho  minutn  atoms  of  liydrogien,  than  totbt 
much  larger  atoms  of  nitric  oxide  ovilved  from  tho  nitric  acid, — vhiA 
indeed,  from  tbeir  greater  size,  must  project  beyond  tlic  aloma  of  oxTC^i- 

h.  Zinc  connected  with  copper  takee  up  the  nxygou  of  a  watecy  ut\vA 
more  easily  and  quickly  than  xine  alone, — and  eons^queutlv  libeialM  a 
greziter  quautity  of  hydrngen  gas  in  a  given  time:  for  the  pomt*  of  tXM^ 
fcrence  of  negative  electricity  to  hydrogen  are  niulttplicd,  a.nd  the  timii» 
ference  thereby  fiicililalod. 

L  Since,  in  the  Acti'in  of  water  upon  zitic,  ibe  oxide,  as  it  formt,  il 
deposited  on  the  surface  of  tho  metal,  and  thGfrKy  oifers  9^  coatmmllt 
Iticreiising  ohstncle  to  its-  contact  with  tliO  w^tcr,  the  oxidation  pfx^MH 
very  slowly,  both  when  tho  zinc  is  alone,  und  when  it  oonnectcd 
copper: — hence,  even  in  tho  latter  case,  thei  quantity  of  negative  i^wti> 
city  which  pa^Aos  over  in  a  given  time  is  but  mnall.  The  presenc*  nf  u 
acid  and  certain  other  i^iihstances  accelerates  the  oxidation  of  ttio  ciae— 
1.  I!y  the  predit<pnfiiiig  affinity  of  tho  acid  for  the  oxide  of  tine  fi> 
diLeed,~aEid  2.  Dy  dib^olving  the  oxide  and  keeping  the  earfacc  of  tta 
lino  clean.  By  this  addition,  tlje  qaitntity  uf  negative  electricity  wkifi 
passes  over  in  a  given  time  from  the  zinc  to  the  copper  in  much  iiii  it%mi 
• — in  other  wordij,  a  current  of  much  greater  QiM»Ut^  ita  pro<]uc«4;  bit 
tho  Inttnsity  of  the  current, — that  is  to  say,  it«  velocity  anil  pow« 
OTOrcoining  the  olustAcleti  which  interfere  with  its  inotiou — 1&  nnt  un  ikt 
wwount  Doceesarily  increased:  for  the  inlen^ily  depends  ou  the  (jnuuitl 
of  negative  electricity  which  can  mx'iiniulale  in  sine  nnoouneeted  »i4 
Cop|H'r,  before  it  ac(|ulrci^  a  sufficient  force  lo  overcome  t^ie  obetbdt 
Bciilct]  by  tlio  oiygen-atiiin  between  Iho  irino  and  bydnigrn-alcai.  •o' 
pus  directly  to  the  Jivdrogen.  It  niay  likewise  be  »iL|>]iose<l  titat 
atom  of  dine -rtnlt  formed  when  an  a<'id  in  pro^ent,  niovc;)  onward,  Uigttbr 
with  tlio  adjacent  hydro^^n-iiii'im,  hem  the  zinc  towa-rds  Ui«  oop)i«r ii 
IIlo  tnnnnor  deeiTibecl  in  /j-<-.ivhilst  tho  free  acid,  in  conncctiva  wiUilb 
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.•oxjgcn-aLoTTiB  of  tlis  vater,  ia  tmnaferrod  from  tKo  copper  Cowards  the 
liuc  dido. 

ra.  Simildr  actions  take  place  "when  zinc  and  copper  are  imnieriScd  ia 
other  liquids.  From  uitric  acid  zinc  takes  oxygen,  wliile  negative  elco- 
tricit^  jHmaes  over  to  the  liberated  nitric  oxide  gas.  Front  fiulptitiret  of 
potaasimn,  containing  eeveral  atoniia  of  sulphur,  z:inc  lakes  snlpbur, — and 
negative  electricity  pasaeB  over  to  the  sulphurei  of  potassiumj  which  haa 

^kikhus  lieen  deprived  of  part  of  its  sulpliur:  and  00  un. 

^  n.  The  real  of  tbo  metala  and  other  perfect  conductora  eihibit  Tela- 
tioDs  eimilar  to  those  of  zinc  and  copper,  at  least  when  one  of  the  tw* 
conducting  bodies  immersed  in  a  liquid  is  capable  of  deeomposing  it. 
The  direction  of  the  current  is  always  detenuined  by  the  diflerenee  of 
aflinity  of  the  two  coiiductciES  for  the  electro-iiegativo  element  of  ths 
licfuid.  Negative  electricity  always  ]iroceedB  from  the  inetrti,  wliich  hj 
ita  greater  atfintty  u.ppr(»priatea  the  elet-tro- negative  element,  through  tha 
connecting  wire  to  the  other  nieial,— or,  what  comes  to  the  same  thing— 

L^.poditive  elettricitj  goes  from  the  latter  Wctal  to  that  which     ju  the  act 

Vof  combination,  and  possiljly,  from  this  through  the  liquid  to  the  inactive 
metal.  The  piantit'ff  of  the  electric  current  ia  directly  proportional  tp 
the  fltrength  of  the  electro-chemical  action.  The  greater  the  quantity  of 
the  etectro-negative  elejneiit  taken  up  hy  the  metal,  the  greater  also  will 
l>e  the  ouantity  of  electricity  which  parses  over, ^provided  always  that 
DO  purely  chemical  action  tahc  place  at  the  same  time, — for  the  effect  of 
this  would  be  to  weaken  or  arrest  the  electric  current.  The  following 
circumstances  accelerate  the  combination  of  the  motal  with  the  elcctrO' 
negative  element  of  the  liquid,  and  may  therefore  increase  the  eSectrlfl 
current:  IncreagQ  of  affinity  and  Jiminutlon  of  cohesion  in  the  metal, — • 
rise  of  temperature, — increased  facility  of  conveying  tbo  negatire  electri- 
city from  the  electro-negative  metal  to  the  liquid,  depending  upon  clean' 

Iliacau  and  extent  of  surface. — The  lemion  or  inlenaiiy  of  the  eleetric  cup* 
Kot  is  perhaps  greater  in  proportioo.  to  the  diHerence  between  the  afhai* 
lies  wf  the  two  metals  for  the  eleotro-negativo  clement;  the  indueuce  of 
JJic  circumstances  noticed  in  »,  1,  ttiuat  however  be  iakcn  into  accnunt. 
o.  The  metal  endowed  with  the  greater  afhnity  for  the  clectro-negfk- 
4iTe  element  of  the  liquid  may,  by  its  action,  heeomo  covered  with  a  pro- 
duct whieU  may  interrupt  wholly  or  partially  the  contact  between  ths 
liquid  and  the  metal;  in  such  a  case,  the  affinity  of  the  other  metal  may 
1^  come  into  play,  and  givt  rise  to  a  revei-sal  ft/  the  current. 

p.  Two  perfect  conductors  may  produce  a  current^  even  without  ab- 
^  Btracting  any  element  of  the  liquid,  provided  one  of  them  give  up  one  of 
its  own  elements  to  the  lictuid  or  the  metal.  Thits,  from  peroxide  of  nmn- 
gancBe,  load,  or  silver,  immersed  in  different  liquids,  positive  electricity 
paeacH  over  through  the  galvanometer  to  platinum  or  cop],H;r.  For,  when 
a  body  of  this  nature  gives  up  oxygen  to  the  liquid,  or  tntnemitH  it  hy 
disjdaceuiont  of  particles  to  the  metal,  tbo  oxide,  being  more  or  lees 
reduced,  recovers  its  lost  negative  electricity  by  appropriating  (hat  which 
flows  lo  it  through  the  connecting  wire  from  the  platinum  or  the  copper, — 
the  metal  either  receiving  this  negutlve  electricity  from  the  liquid  which 
pivea  it  up  on  combining  with  the  osygen,  or  evolving  it  directly,  when, 
it  takes  up  the  oxygen  itself.] 

E-xperimenis  with  W^attr.  Oo  placing  one  above  the  other,  hraes,  iinc, 
dry  wood,  damp  wood,  ilnc,  ami  braas,  the  lost-mentioned  brass  imparted 
negative  electricity  to  the  condenser  of  the  electrometer,  (De  la  Rive.)— 


ELECTHICTTT, 


Tbo  kama  rc^nlt  was  o1)tAtni?d  with  copper,  zinc,  fbnr  Bheeia  of  dry  VJ**' 
one  slicet  of  daitip  pnpcr,  einc^  copppr; — tin?  two  copper- pLitf^s  mftT  dwW 
omitted; — the  first  zinc  gave  positive,  ilie  eccond  ncgiitivo  elpclricicy 
electptimeter:  Again,  when  a  bar  of  sine  ia  wrapped  round  wiUi  fufv 
and  one-hftlfof  the  poper  wetfedf  tlio  wet  end  impartti  jxwitive  deetrial^to 
the  electronioterj  the  dry  end — if  a  damp  sheet  of  paper  be  laid  «■  Ikl 
coodeDeer  to  fociEltale  the  coDduution— ntgatire  eloctric'ity.  (yeebM|i 
[Negative  electrii-it_y  acciuniilates  la  the  last  siuc  (p.  342,  c),  po«tiT<>  «)■ 
trioity  in  the  damp  wood  or  paper;  and  these  are  coinmuni«t&d  to  H 
eloctrnuicter,  wltca  it  is  brougliL  in  contact  with  tbo  sine  or  the  tnntnt^H 

A  aulatiod  of  1  part  of  potaGsium  In  100  parts  of  mercury  is, 
placed  la  watfr,  strungly  poeitiTO  towartitj  platiniiin;  polislied  lead  t"^| 
positivo  towards  platinum.  Potaasiuui  being  eoluble  in  w»t«r,  und  ^>^^ 
of  lejid  likewise  soluble  tbougb  in  a  slighter  dogrefs,  tli€>8e  aubttenH 
can  prodtire  a  Mrong  current  without  the  iutarvetltioD  of  an  khT 
(Faradfiy*.) 

If  a  strip  of  nine  and  a  atrtp  of  platinum  in  water  deprived  nf  ui 
give  at  the  ciUntiiehccmeut  of  the  action  a  defleetion  of  15%  this  ilpflrclioa 
will  be  redueed  to  V,  when  the  circuit  h(wl>een  (closed  for  eomft  time;  Ul 
will  again  rUe  to  15",  after  the  cirenil  has  been  left  uprn  for  24  hvoL. 
Z'mc  which  hn^  become  innctivo  by  immersirm,  t«>^lh<?-r  witli  plalinon,  i% 
water  frei_>  from  air,  is  negative  towards  Einc  frefbly  imnicrW.  Ii 
wat#r  pont  iiining  air,  on  the  t'^ntrary,  a  pair  of  nino  and  coppor  pnt  t 
ponstant  JeHection  of  1,1^.  (Bntfl) 

Iron,  which  rusta.  when  placed  by  itself  under  water,  rernaini  brif^ 
when  in  contact  with  KinCj  the  latter  alone bcconiingoxidat«cl.  (Wrtzlv.) 
— The  an-called  Gaiimnized  Iron  is  iron  protected  fry  a  eoatinff  «t  pi- 
veriaed  xinc. 

Polished  lead  iff  positive  towards  iron  in  pure  water,  tamiahmlUiJ 
negative.  (Yorke.) — In  pure  water,  lead  is  constantly,  b«t  very  fetklj, 

rittvc  towards  iron, — the  Iron  likewise  oxidating,  thoug-h  in  a  \em  dq^m 
Bpring-wnter,  the  lead  is  positive  ittfirstj  but  tbo  iron  soon  lwn»* 
posHEve,  rCTTiftiDB  ao,  and  oiidates.  (Wetzlivr.)  [Perhaps  s  depoui  (omf 
va  the  aarface  of  the  lead  (p.  345,  o).] 

Gtld  and  platinnm  together  produce  no  current  in  para  vmltf 
(Walckcr,  Beriucrel);  neither  dooa  gold  or  platinnm  prodnee  a  eitmit 
with  mapietic  iron  ore,  specular  iron,  rod  oxidQ  of  co^tper,  or  iron  pTriM 
(BecquereL) 

If  the  wet  atid  dry  ends  of  a  piece  of  pOrorlde  of  tnaoganna  bc  Hfr 
norted  with  the  galvamomrter,  powitivc  electririty  p3«66s  frx>tn  the  diy  tJ 
through  the  galvanomcte^r  to  the  iret  end.  A  crystal  of  peroxide  mmm* 
^nese  is  feebly  positive  towards  pUHnum  in  water,  as  shown  by  tbt  pA- 
Tanotueter;  the  current  noon  ceaaes,  but  reappears  if  tli&  circ-uit  bt 
Apcn  for  nfit  lees  than  live  tninutc.i.  Platinum  exhibits  Btmibr  rcktittf 
with  gmphtt«  or  anthracite,  excepting  tbat  the  latter  becomes  ponlivft>* 

*  TliMe  anil  moat  of  tine  hHQtiiag  experinneaU  were  §o  axrmgtd  Uiart  iht  mtvh  k 
contact  nith  tlie  liquid  were  connticled  viib  thv  ends  of  the  gilvatkomem'.  WTlMailk 
kid,  in  ac«onliicce  wiih  the  rcc(^iv<Ml  fhr^ology ,  that  one  metal  is  jioaitira  mitk  t%ti 
to  wnother,  tad  the-  latter  rcgativc  with  regard  ia  Ihe  former,  it  it  to  be  Bn^n*M4  M 
poiitiw  eloctricitT  fact  from  the  negatiTe  metol  (brtiugh  the  galvmcmeW  to  Ibi  wl^tH 
metal  (mi,  u  in  Bomttinun  axraincij,  from  the  pofticivt^  Titi'tal  tbroQg^  th*  liqyitoAt 
aoprtive  mfljil).  In  siborC,  tii>e  piMitifc  nict*]  is  lhi.t:  nbicb  ts  rltemlcmUy  BSth^^iL 
bj  taking  up  lite  etcctro-DegAtLvo  rlepi^nt  of  die  Liquid,  ■IrrdoiiM'  a^ittn  AttUtf 
widkla  UhITi  Bful  tends  it  throu^b  the  pklvuuiineter  to  the  iuactiiD,  n«gaiira  iiinrf.  t 
jSMdnt  poiitire  «Iectricilj  from  Utc  latter  [[i.342,  r). 
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iLlkewIae  gold,  magnetic  iron  ore,  epecnlftr  iron,  red  oxide  of  copper,  and 
iron  pyrites,  become  positiTO  in  water  -with,  peroxide  of  taangatiese  or 
graphite.  (Bocqucrel.)  [Witt  reepect  tci  peroxide  of  mangcLiiCi^o,  inW.  p. 
345,  p. — Doea  the  action  of  graphite  result  from  it^  having  ahsorlipd 
oxygen  from  the  airlj  Platinum  ia  poaitive  towards  poroxido  of  lead  in 
pure  water.  (Schonuein,) 

If  platinum  be  laid  on  the  condoneer  of  the  electrometer,  dump  paper 
on  the  platinum,  per^jside  of  manganese  on  tho  paper,  and  the  oxiid!e  of 
mangancffe  toucLed  with  dry  wood,  the  condeoeer  will  eIiuw  positive  tiett- 
trioity.  When  platinum  and  peroxide  of  manganeso  are  cuiinerted  with 
tlio  galvanometer,  poBltiro  electricity  paSGCs  from  tho  peroxide  of  mangflr' 
neso  through  the  gnlvaoDineter  to  tho  platiuunu  In  puro  u-ator,  the  cur^ 
rent  ia  very  weak, — hut  Htronger  with  irnjguliirly  crj-fitalliEcd  peroxide  of 
mrinftiinese  than  with  large  sioglo  rryslals,  because  the  former  in  more 
prune  tt>  dicconipueition.  If  the  oxide  of  mitn<Fu,iiceo  he  left  for  a  con- 
siderable tiDio  in  water  by  itself,  cuid  tlioo  connceti'd  with  platinum  in 
nitric  ftcid,  tlicj  curropt  at  first  govs  the  cootniry  way — a  proof  thivt  tte 
oxide  of  m.-iiigane^e  hn^  been  HUpi?ri}oifl.lly  altered  by  (he  water,  (Delft Rive.) 

If  ziuc  witk  copper  and  water  give  an  indication  of  4°  in  the  vultaio 
electromctef,  it  will  give  4\  with  silver,  4|  with  cliarcoa.!,  5  with  gold, 
5^  with  klaek  sulphuret  of  mercuryr  6  with  iron  pyrites,  0^  with  peroxide 
cf  nia.nimni>se,  and  9^  with  poroude  of  lea'l-  (Rosouehuld,) 

Electrical  ecriea  of  inetals  in  water,  heginning  with  tEio  moat  highly 
dlectto-positive ;  Zinc,  lead,  tin,  iron,  antimony,  biemuth,  copper,  silver, 
gold.  (Feehnet.) 

Experivmita  with  Diltite  Ad'ls,  noi  inctudintf  KHric  Acid. — A  soln- 
ilon  of  1  part  of  potafieinm  in  1000  parts  of  mercury  is  hij^hly  positivfl 
towards  sinv.-^Amnlguni  of  zinc  ia  positive  towards  Jiinc,  and  amalgam  of 
tin  towards  tin.  (H.  Pnvy.) 

Perfectly  pure  z'lao  dissolfes  more  slowly  in  dilnte  aulpliuric  iwid  than 
commercial  zinc,  which  contains  1  per  cent,  of  iron,  together  with  cad- 
mium and  trace*  of  lead  anJ  tin— ot  tlt.-in  nii  alloy  of  10  parts  of  zinc 
with  1  part  of  tin,  lead,  iron,  or  copper, — because  these  impiiritio?  give  rise 
lo  local  elcctro-chomical  action  (p.  344,  i.  4).  When  comraerciul  sine  and 
pnre  zinc  arc  plaCB"!  in  dilute  Hniphurlo  acid  of  rations  dc^jjreoe  of  strength 
(th-o  annexed  pet  centages  show  tto  quantities  of  anhydrous  ^niphurio 
acid  in  the  lirjuid),  the  times  reuuired  to  fiimish  a  given  qaaatity  of 
hydrogen  gas  arc  found  to  bo  aa  follows: 

20-2     25'6-l     29'B5       35-28     ^3-25     9<'2  percent. 
Cominercial  sine 3         I'S        I  l'&        t  4*5 

Pnreiinp   108        55  18  13  12  45 

Hence,  commercial  zinc  ia  most  quichly  dissolved  l>y  dilute  Aiilphuric 
acid  containing  from  25  to  43  per  cent,  of  real  acid, — and  pnre  7'nic  hy 
that  which  contains  from  30  to  43  per  cent.  The  evolution  of  gas  is  very 
elow  at  first,  hut  gradually  ineroascs,  reacl^g  its  maximum  in  10  minutes 
with  commercial  zinc,  and  after  aevcral  hours  with  pure  zinc;  witli  acid 
of  Gi  per  rent,  however,  the  evolution  of  go?'  soon  dimiaiJihea.  [Docs  this 
ariflo  from  tho  formation  of  a  film  of  sulphate  of  eincT]    Ve  la  Jtive. 

Alloye  of  10  parts  of  ziac,  with  1  jvart  of  tin,  lead,  iron,  or  copper, 
boiuf"  immerficd  \u  dilute  sulphuric  acid  of  rarious  degreea  of  Ptrait'lh,  a 
compnriKOU  of  the  times  rec];uired  for  the  evolution  of  a  given  auuntity  of 
bydruguu  gii?,  with  tho  correspondicig  iutcnala  io  the  caao  oi  puia  and 
commercial  anc,  givoa  tho  ftfUowiog'  tesults: 


348 


RLECTRIOTY, 


.    .     ^            20  2  25-64  29-85  p.  C. 

FartliiDe   ....  207  110  30 

Cocam^rciBl  zinc     4  3  2 

TiQ.xinc             2t  12  12 


20-2        U  X»«l 

Lead-line  ....  12  9  10 

Iron-zinc  ....     4  S  Z 

Coppei-Eme  . .    5  6  4 


Witli  coppoT-siDc  the  eTolittioa  of  gns  continuEillr  diminiflies, 
the  ttlloy  becomes  covared  with  a  black  film  of  oxide  of  copper  [' 
Clipper!] ;  when  this  13  rcmored,  the  evolution  of  gas  again  beromea 
— The  solution  of  puro  zinc  is  greatly  acceicratcd  by  binding'  it  roatd 
with  platiouni  wire.  (Do  La  Rive,) 

When  four  balls  of  21  qc  «f  equal  size  are  immersed  for  an  hour  la  f^ul 
quantities  of  dilute  eulphuric  acid,  contained  in  four  Tessels  of  equal  ot^ 
but  ilifferont  mntcriaU,  the  quantity  of  zinc  dissolved  \n  the  g]aaa  vc«elii 
found  to  bo  l'^,  in  the  silver  vessel  51,  in  the  gold  vessel  G5,  aad  In 
platinum  vessel  70  miUcgramnies.  On  being  arterwAcdii  iramened  for  u 
hour  in  four  gluss  ve^is  contaitiiDg  equal  quantities  of  u«id  of  the  mm 
atr'ength,  the  bOill  previously  imracrscd  in  the  other  g\»ss  vessel  loan  I  J, 
thiit  from  the  silver  veaacl  5,  from  the  golil  8,  and  from  tho  plMioaD 
]1  millegmnimea.  (Bouchardat,  Ann,  Ckim.  Phi/t.  S3,  284.)  [Hxl  tit 
balls  the  eame  tempemture  in  the  Bocoud  expcrimcntf] 

Balls  of  zinc  immersed  for  the  Fame  time  in  dilute  sulphuric  koi 
diluto  hydrochlorio  acid,  or  Boliition  of  ammonia,  \os*^,  nocordiug  (t 
B&uchardiLt,  tho  following  quantities^  varying  with  the  oMure  of  the  tm- 
taining  vcasel. 


4 

Sulphur  . .  ■> 

& 

3 

1 

Bkck  tud  .. 

10 

Tin  .... 

12 

12 

12 

14 

28 

35 

Aiitinianj 

41 

3S 

18 

Sismuth  .... 

45 

38 

20 

Siher   &S  Si  8 

Gold  ........  52  100  V 

Pktloum   SS  lift  e 

Copper   70  IM  « 

Brass   124  190  M 

Iron  ...II...  lid 


With  halU  of  Aommci-dAl  ^iuc,  the  lofia  ofwci^^ht  in  dilate  Boliiliwii 
aeid  in  &  quarbei  of  an  hour  ajiLouiits,  tn  glusa  vtsAels  to  9,  in  snlpHrli 
16,  in  lead  to  310,  in  antimony  to  35U,  in  bismuth  to  342,  iniuTati 
6ft5,  and  in  platinum  to  712.  (Bouchardat.) 

Tvo  line  plates  of  equal  size  hein"- plcbced  iu  diluto  sulphuric  •ciJ(l 
part  oil  of  vitriol  with  from  A  lo  16  of  water),  and  one  of  them  ontntrtrJ 
with  a  platfl  of  polielied  lend,  the  eecond  toaes  much  le^  tr^^igbt  thut  tk 
liret  (this  i>s  coBtrary  to  Bouchanlat's  etatciitcnt);  with  hytlr««b]oric  aoi 
CD  opposite  result  i»  obtained.  (RuDge,  Po^ff.  43,  581.) 

Til  obtain  amalgnniatcd  kIgc,  mercury  is  placed  upon  tho  Dn«,  iof^ 
ther  with  dilute  sulphuriv  aciil,  and  both  liquid«i  spread  upon  the  pble  \n 
mcnna  of  a  pad  of  cloth  or  linen,  tho  acid  bi>ing  frout  time  to  time  nuewti 
(Uasaon,  Ann.  CAim.  Pfii/s.  60,  334.)  Or  tho  bottom  of  a  cupacioo*  Ait 
peing  covered  with  mercury  nad  sulphuric  acid  poured  upon  it,  ibc  ex 

plftte  i^  imnierged  in  the  acid,  its  surface  toucbiug  tho  nicroury,  ttit»i 

'■mHai  two  or  three  hours,  and  afterwards  taken  out.  ( tiebig,^  nn,  Pliarm.  t*; 
111.)  [This  ooveriug  of  the  line  with  mercury  depends  on  a  pcea&v 
galvanic  ftctSon.    Tbo  mercnry,— which  k  in  contact  with  the  tinr  at  flK 

p4)int,  and  take*  up  the  nej^tivo  electricity  set  free  in  lh«  tioe,  imtml 

of  giving  rise  to  B  tran«po9ition  of  atoms  in  the  wator,  attaobiM  itself^  ~* 
conaequonro  of  ita  mobility,  to  the  zinc,  and  tliiu  imparta  DC^gatJv*  itf'' 
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tricitj  ilirectly  to  ttie  hjdrogen-aton]  of  the  atom  of  w&ter  which  hoa 
given  up  its  osygen  to  the  zinc] 

AmalgantaCeil  zinc  when  nione  \a  not  attnclie^i  by  dilute  BuIpLnrio 
aciil;  ljut  wlieo  it  is  cunnccWd  with  platiQum  or  otiter  metals,  a  powerful 
ft«ti(>n  takes  place,  tijc  bydrogen  gas  being  wholly  evolved  on  the  HurfftCQ 
of  tbc' platiuum,  not  upon  the  zinc,  (FuSiiday.) — Amalg-amated  liiic  ini- 
meracil  iti  ditnt'e  sulpbiiric  acid  bcBoines  covered  aftec  a  time  vf'n\i  gaa- 
bubblcs,  which  adbero  utrotigly  to  it;  no  loss  of  weiglit  eta  bp  delected  in 
ibo  line,  even  after  four-and-twenty  bfturs.  The  iidhering  hyt'rogen  gas  ap- 
pears theu  to  protect  the  zinc  from  tbe  action  of  the  litiuid.  When  uitisl- 
gamated  zinc  is  connected  with  pbriiaam,  the  hydrogen  being  nil  tmnsferreil 
to  the  platinum,  ibc  zinc  is  dieaolved.  If  the  dilute  eulp-huric  aciij  COQ- 
tains  0.  little  nitric  acid  mixed  with  it,  that  ncid  couvcrts  the  hydrogen 
into  ftmiuonia,  aud  tlien  the  amalniniatud  zinc  diesoLvea^  even  though  not 
comiectcd  with  platinum.  (DaniolT^  De  la  Rive.)  [But  pure  aino  likewtse 
beconiea  covered  with  bubbles,  and  diasolves  iievprtlieleas.] — The  coating 
of  nier<:ury  makes  Lho  surface  of  the  2iuc  uniform,  so  that  tliti  allaya  poa- 
eibly  coutjiined  in  it  canuot  g^ive  rise  to  any  local  electro-chemical  a^itionj 
it  therefore  makes  commertrial  ziBc  like  pure  sine.  (Urove.)  [But  pura 
sine  dinsfilves,  aUliough  the  action  ^oea  on  slowly,- — amnlgainated  zino 
uot  at  nil.]  Tlie  niercurv  appears  to  prevent,  in  some  uuhnown  manner, 
the  direct  transference  of  negative  electricity  from  the  uac  to  tbe  bydr»* 
gou  {p.  Si5,  i,  5.) 

Auiulgaiuated  zinc  iu  dilute  Bulphuric  acid  its  positive  towards  tbe 
eaino  uictal  unainalgamated  {H.  Davy);  because  tbe  latter,  in  consequenco 
of  the  strong  purely  clmmir^l  action,  is  mure  <iuickly  surrounded  with 
saturated  sulphuric  acid  [whicli^  however,  should  be  soonest  tonioved 
the  rapid  discngageiiient  iif  gsii].  (Faraday.) 

Wlien  two  pieces  of  amu,lgamated  zinc  of  the  ^ine  size  are  imnierged 
In  dilute  eulphuric  acid,  and  uno  of  tlii^m  is  connected  with  cupper,  tha 
latter  piece  loacs  32'3I  parts  for  every  I  port  of  hydrogen  evolved  at  tho 
Biirfaoe  of  the  copper  (1  at,  H.  to  1  at.  Zu.),  while  ttio  other  piece  euf'< 
fore  no  diminution.  (l''anL(lay.) 

Aiiitilgamatcd  zinc  produces  with  copper  a  much  more  copiona  current 
than  ordiciary  zinc.  (Po^jjendorff.) 

An  amalgamated  ziuc  plate,  couucctcd  with  copper,  and  inimersecf  in 
dilute  sulphuric  acid,  loseti  more  weight  in  the  sccoud  half  hour  than  in 
tliG  firet,  in  tbe  third  more  thtku  in  the  second,  and  so  on,  till  it  19  again 
amalgamated.  (Dlnkti.) 

Amalgamated  zinc  in  dilute  sulphuric  aoid,  in  connection  \v!th  anml- 
gamated  copper  which  dips  into  mercury,  or  only  with  amalgamated  pla- 
tiuuui,  in  nt  Ciri^t  gtrungly  positive, — but  thccurreut  ceases  in  a  few  minutes; 
but  01)  re|>]aciiig  the  aumlganuUed  zinc  by  unaTualgamaled  plstiuunn,  « 
current  ill  the  coat^ary  direction  is  $ct  up.     The  amalgamated  UD'tal  is 
poHitive.    The  mercury  prubtkbly  combines  with  hydrogen,  and  thereby 
k  Becomes  as  strongly  positive  m  tbe  amalgamated  zluc.  (Grove.) 
I       Black  lead  or  freshly  ignited  gas-cuke  placed  in  Bulphurie  acid  with 
I  aniiLlgamalud  linc  iniuiediately  liberates  hydrogen  ga-s;  poroua  coke  and 
I  lmi-woH3il  charcoal,  ou  the  coutmry,  not  till  after  some  time,  heoaUBo  they 
I  absorb  the  first  portions  of  liberated  byilmgen.     If  they  arc  then  placed 
I  by  ihcmselvca  in  a  solution  of  lead,  copper,  mercury,  silver,  or  ^o!d,  they 
I  Wcuinc  covered  ivitli  a  thin  metallic  film,  just  as  tlicy  liberate  iodine  froct 
I  iodic  acid.    Coke  retains  hydroj^eu  for  furty-eifiht  hours.  (Smce.) 
I  -     Zinc  gives  with  iron,  iu  dilute  Guljihutic  ucid  a  current  four  ti(afi% 
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abimdaiit  as  vitli  copper,  tlic  eire  of  tha  platos  being  the  sane  in  hiA 
CMOS, — so  that  a  tcn-puir  bnttery  of  zinc  and  iron  yieliia  id  oftren  ouinHi 
(if  the  polar  wiras  are  miuie  to  <lip  iutu  water)  mu^L  dtitott&liaj;  ni  u 
11  buttery  of  litic  aud  copper  of  the  aame  diiuensIonB.  Bot  it  it  onij^ 
(juaiiticy  of  tlio  electric  ourr^ut  that  h  greater  id  the  cabb  of  xioc  uid  ins; 
tLe  teaaioD  isetnaller.  At  the  firj^t  momont  of  imnKjrsion,  Ui«  qmotitj 
also  is  greater  with  zinc  and  copper;  hat  the  copper  soon  bocoiiwi<»- 
vercJ  wilk  a  durk  Jiliu  of  oxido  [aulphiir«t  while  tbe  iron  ttaHMi 
cleau, — aud  tliiu  film  isterfcres  with  tbe  oloctricail  cunducLion  hctvMQll* 
copper  and  the  Eiiiuid,  Wheu  a  pair  of  sine  aiid  iron  plates,  and  m  p«r  4 
zioQ  aiiiE  voppcr^  are  left  in  actioD  for  Iwelrc  hours,  the  folloving  bm  at 
nititalid  observed;  Copper,  0;  ziiic  conucctud  with  it,  aG  gtnim;  iron.! 
graiua;  ziov  connected  with  it,  74  grains,  It  appears^  then,  that  %  mD 
qimotit?  of  iron  is  dissiilved;  B.ud  of  the  ziuc  connected  with  coppSMi 
than  of  the  either  ziuo, — and  yet  tfao  qmintUy  of  the  curreot  I'n  jnnw 
with  ziDc  aud  iroD.  [Henc?,  kidc  and  cop|>er  produce  a  jTrrnfirwr  iiinwl 
of  purely  chemical  octioo].    (Mortyn  Koberts,  P/tid.  -Mag,  J,  !(,  ll^ 

Zinc  and  iron  produce  8  more  copiou>9  correot  than  even  awe 
silver  or  21UC  a.[id  platinum,  bobbin  ulilutu sulphuric  amlililuto  ailric  kW; 
aod  tL«  p'lat«i3  of  the  ziuo  and  plutiuum  pair  uiu^t  have  a  fiurfaoo  thm 
tinier  94  ^r«at  a«  tlmi  of  tba  sinu  i^nd  irQn  to  yield  the  same  ijuuiitvitf 
electricity.    Dut  tho  intc^naity  of  the  current  excited  by  zinc  and  inaJl 
eilW-Uer,    If  the  quantity  of  electricity  yicld«d  by  pine  and  iroB  b« 
that  yielded  by  iiiuc  and  copper  is  100:  wheu  the  plr^t^  luv  wnuMied  If 
»  wire  50  feet  long,  the  tjuiiutity  yielded  by  zinc  and  iron  is  SS*"/,  uii 
siac  and  copper  Iti.    The  resistance  of  the  lung  wirca  diminiahoi^  dM»- 
fore,  tii6  quantity  yielded  by  zibc  and  Iron  from  100  lo  13,  ooJ  br  on 
and  copper,  from  100  to  IH, — When  tho  plates  are  connect^  by  «  in 
win-  2000  feet  \oTi^,  tho  quiintity  of  cle«tricity  yieldt>d  by  jjoq  uil  irw 
\ti  to  tluit  farnidhed  by  tho  ziuc  and  (topper  as  lUOO  :  1S78.    Wilfa  omI- 
^mat«d  iron,  zino  yields  a  much  feebler  current  than  wilii  cpnuiiaD  ina 
(PoggiendorlF.) 

tiuttLing  {GiUi.  i%  475}  conatructed  a  powerful  pile  with  plain  d 
ir&n  covered  with  zinc  on  &ne  side,  and  moistened  pieces  of  clotli. 

Cadmium  ia  positive  tuw-ards  iron  in  dilute  sulphurie  avid,  amlyitUi 
400  tinieji  more  electricity  than  c^p)>er  with  plutinuin.  N«r«rtMn 
more  iroD  than  cadniiuui  is  dissolycd.  (Foggeudorfl!!)  [Thu  JmiM 
attention.  J 

Tiu  \»  {Misitive  with  lend  in  cuncentralcd  aqueuua  solution  of  oxkhr 

or  tartaric  acid,  uu^ative  in  vory  dilute  soEutif^g.  (FochtkOr.)  "1^  ii 

positive  with  irou  or  copper  Id  diluto  acid  (Do  la  Rive);  and  ^  «t«d  via 
CQoaeijueatly  remaius  hri^'ht,  aud  losca  do  w(tij,'ht,  wh«a  plaocd  io  caaWI 
with  tin  under  dilute  hydrochloric  acid.  (J.  Dary.) 

The  fuUowiug  arc  the  wei^htti  bet  by  tin  bnUa  of  e<{Ual  siM  pUaeJ  fa 
an  hour  in  very  dilute  hydrucliluric  aciu,  cdntainod  in  veaael*  oi  4tftart 
nuLteriab;  in  vessels  <jf)^Ia.gB  or  fulpliur,  3;  of  lead,  12;  eilrer,  18;  antii^ 
84;  bismuth,  36;  copp«r,  70;  platiuum,  t);>;  ^'uld,  201.  (Boucliar^L) 

Puilidhe-l  lead  \s  positive  in  dilute  aeid  ton'arde  iron  and  oop|icr,  Ctf- 
piahed  leatl  negative.   (Yorke.)    In  dilute  hydrwhloriqarsatpkariaMii 
ipio  itf,  jJloT  the  Gnit  moraunt,  f«sit!ve  towards  lead.     (Wotxlar.)  (W» 
til*  l«ad  i|uite  clean  y],^ — I rvd,  wIiqu  in  contact  with  U-ad,  diMulrM 
aluwiy  io  dilute  fiulphuric  iicid  than  when  alone:  aflor  a  few  dajf^ 
iron  h^COJUee  dull,  aud  covered  with  sulphatQ  of  IcadL     la  dibit*  l^diF 
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chloric  acid,  on  the  contrary,  the  awlution  of  iron  is  Mcelerat«cl  by  contact 
with  Itwl,  (RMTSge.) 

In  cold  tliluto  siitphui'ic  (tciiJ,  tin  14  feebly  poititivd  towftrds  l&ad; 
sliglitly  oeyative,  wLen  the  acid  rs  wariti.  Townrils  iron,  tin  Sa  poeitiva  la 
Coll]  ai.'ii],  often  slightly  negittive  in  warm  aciJ-  ^Faraday.) 

Antimony  in  cliluta  sulphuric  acid  ia  pDHitiret  towarda  bismuth, 
(Fecbiiier.) 

Irou  in  dilute  ActtI  i»  etrongly  positive  tAwarda  Arsenic.   (Do  In  Rive.) 
Nickel  in  dilute  eulpLunc  iioid  is  pveitivo  towards  antiiaiony  uod  bie* 
mutli.    (De  la  Rive.) 

Cii]>j>et  in  dilute  at-'ule  le  positir«  ion'Ards  etlvcr  ftod  pUtioum;  eo  aim 
is  eilver  towarda  platliiutn.  (Walfikei-.) 

Gold  exerts  a  scarcely  perceptible  positivG  reaction  tovurds  plAtinuni 
in  dilute  bulpburic  acid.  (Hitcliie.)  lu  dilute  sulphuric  aoid  it  i« 
poBitivp^  in  dilute  hvdro«lilori«  acid,  negative.  (Walekor.)— 'In  a  mir- 
turo  of  1  part  oil  of  vitriol  and  100  water,  it  ia  at  firat  poeitire, — then,  after 
severtil  iminerfiiona,  uputritU  and  aubaequcntly  negative.  (Marianini.) 

P[illiu:tiuin  gives  no  current  with  plutlouui  in  pure  bydrocblorie  aeid, 
but  bccomca  positive  on  the  oilditlun  of  nitric  acid,    (])&  la  KirCc) 

Antbmuite  in  dilute  sulphnrio  or  hydrochloric  aciu  ia  negative  tuworda 
oopjjcr.  silver,  or  platinum.  (Bomjuerel.) 

PlatiQuiii  is  at  first  positive  toT^'aruH  graphite,  neutml  after  several 
imiiior»ioii9,  then  negative.     The  ^mpbito  ruinuius  unaltered;  hut  tbo 

Elatiouui  iu  reudcrcd  positive  Lowarda  utiiur  pliitiuuiu,  loaliig  lEiitj  property^ 
owcver,  by  ignition  or  iinmGieioa  in  boiling  water.  Gold  and  .yilvei 
exhibit  similar  lulatioua  to^mtda  gmphite,  but  in  a  lower  decree.  WLca 
platiuuDir  goM,  or  silver  la  immersed  in  contact  with  gmphitu  till  it  cdibeoa 
to  produce  deflection  of  tlie  nccdl^j,  and  then, — while  still  remaining  in  the 
BOid — connected  for  a  ehart  Lime  with  zine,  it  agala  bocoiui^s  pusitlto  U> 
^a.phil«.  Poiisibly,  wlitfu  tbeiio  metals  ar?  placed  in  contact  with  gra- 
phite, a  portion  of  oxyg'cn  becomes  Bxed  upon  them,  and  renders  tboBL 
more  negative;  and  when  they  are  cuDDCCteil  with  ziiic,  this  oxygen  a 
remuved  by  tbo  hydrogen,  the  luttcr  then  occuniuhitiiig  on  the  surface  of 
the  nietiil:  for  plaLiuum  which  lia.'^  been  iu  cobtaet  with  ziuc  under  diltita 
aoid  i»  positive  towuxd»  platinuoi  which  hoA  out  been  so  treated.  (Ma- 
jHunini.) 

Platinum  i«  feebty  positive  towards  peroxide  of  manganese  iu  dilute 
L  (De  la  Rivo). 

Pairs  of  platca  of  tbc  same  size  of  di^'erent  metola  immeraod  in  rety 
dilate  sulphuric  acid  produce  the  following  deflectione  of  the  neoiUe : 

^inc  with  lead  0*0%  with  iron  C'3',  with  copper  8"0^,  with  ^IJ  (J'O'', 
with  platinum  3'3\  —  Tin  with  copper  .i with  eillver  4'0',  wiUi  gold  or 
platinum  TO". — £ffi<iwitb  iron  2"0"'j  with  copper  5-3'',  with  silver 
j  with  gold  !'5^,  with  platinum  2  0^ — Iron  with  copper  3  0^,  with  gold  or 
I  platinum  l-O"". — Cojijw  with  silver  3'3',  with  gold  or  jilntiniiin  0'3", — 
,  jViYrcr  with  gold  or  platinum  0'3^  The  iKreilive  metal  in  each  imiac  baa 
^  1(3  name  jirtnted  in  itnlks.. — Tlicso  dellectiona  are  not  in  accordance  with 
^Hthe  theory  of  contact.  The  siiiallcBt  deflections  are  those  obtained  wtth 
pairs  containing  gold  or  platiuuin;; — it  is  true  that  platinum  does  not 
'  ciindtict  bo  well  as  silver;  bat  (fold  conducts  bettor— and  yet  copper  and 
silver  jij-ive  a  stroujj'er  deflection  than  cop|>er  and  guld,  (Alariaiiini.) 

ElectrieiJ  series  of  perfect  euuJueturs  in  diliile  acids, — ervcb  body  of 
the  eeriee  being  ne^'alivo  with  those  wLjch  precede,  and  poeitivo  with 
those  which  foUuw  it: 


ELECTRICITT. 


AcoonUng  t-o  Sir  H.  Davy;  PoLnninm  and  iia  amlgkiB,  baHwi  mi 
\ta  amalgam,  zinc-amalgam,  sine,  ammonium-MnalgMB,  cfcdiPtiKi,  Ufc  im, 

LifimuLb,  antimuny,  kad,  copper,  silver,  palladinm^  tellvriBm,  nU,|W 
ttuno,  iridium,  rbudium.  Rolle<l  copper  is  positive  towai^ls  tWi  *W 
contains  carbon  (ovcr|iDled);  thi^  towards  the  same  metal  wlaiwy 
suboxide  (itnderpoled) ;  and  tbifi  towards  copper  coDtainiag  tin. 

Af^^oruing  toFai^ny:  lu  a  mixture  of  one  meaeare  ofoUofTithtl 
with  one  measare  o£  water:  Zioc,  cadmium,  tin,  lead,  iron,  oick^  b«ant^ 
antiruony,  copper,  Hilvor, 

According'  to  Pfaffi  Zinc,  cadiuiiiQi,  tin,  lead,  tungsteo,  iroii,  t 
antiinooy,  copper,  silver,  gold,  tcllnrtum,  platinum,  f>alladiam. 

According  to  Marianini, — in  very  dilute  Gulpliuric  acid:  Ztse,  cbt- 
coal  immediately  after  beirttr  cooled  in  water  (containiug  faydrogea  tia»- 
fore)  poliahcd  lead,  tio,  manganese,  tarpi^bed  iron,  ma^fiwue  ina«l^ 
braes,  copper,  brass  very  mijcb  corroded^  biamuth,  pickel,  cbaroMllOW 
after  being  quencbed  in  water,  bright  antimony,  tiustone^  native  anlphmt 
of  tnolybdemiin,  brigbt  ateentc,  tarnisbnl  antloiony,  silrer,  ncTcciy, 
tarniebed  arsenic  and  riraeiiiwil  eilvcr,  red  tiUtir,  ga.\(:n%,  /re^bly  prrpami 
cbarcoat,  copper-nickel,  copper-glance,  arsenical  cobalt,  t>lac-k '  l^lloritiB. 
copper  pyrites,  platinum,  cold,  auriforon»  native  telluritiiu,  cabiml  irti 
pyrites,  jjrapliite,  ttrsctiiCTU  pyritea,  miipnetic  pyrites,  amorphoM  itm 
pyrito«,  peroxide  of  mamganeAej  charcoal  long  exposed  to  tbe  air. 

Hxpfrimenfs  with  Cimcentraftd  Iljfdrocfilorie  Acid.  Zinc  gives  irill 
platinum  a  current  wlilch  \b  feeble  as  longaa  the  chenitcal  action  roDiinaa 
powerfnl,  hut  hecomeii  atrongcr     tbc  chemical  action  Jiminishn,  (PU) 

Tin  is  ncgatiTc  with  ka^l  at  the  bejfiDning  of  the  action,  bal  ilbv- 
war'ta  becomes  permancntlv  positivn*.  because  the  lead  ac-quiros  a  cot^ 
of  chloride  of  bad. — Niclie'l  '\b  positive  towards  antimony-  and  ne^pttiivli 
bismuth.  (Faradny.) 

In  fuming  bydrochlorie  acid,  bistnuth  and  copper  arc  poiiitirQ  tovtril 
antimony :  bismuth  is  first  poijitire  toward?  copper,  and  uftenranb  wipt 
tive.  (Fechner.) 

Platinuni  is  very  feebly  positive  towards  gold  in  concentrated  by4rv 
cbloric  acid.  (Walckcr,  Fechner.) 

When  copper  or  silver  is  fastened  to  anthracite  bjr  means  of  I  ■« 
nntlt-r  strong  bydrQcbloric  acid,  dichloride  of  cfi.pcr  in  tetrubcdroM  ■ 
chloride  '>f  Ailvpr  in  transparotit  octohedrous,  is  nftcr  a  tiniv  drpontfd  flt 
the  metal  which  remaina  positive — while  carbiiretted  [1]  hydrugcagwi* 
ovolvtul  at  the  sorfiioe  of  the  anthracite.  (Becqucrcl.) 

rial'tnnm  \&  stronf^ly  poRitive  tnwnrdd  pcnixiJo  of  manganese,  chl«RM 
being  evolved  and  chloride  of  mangano5ie  prfnluced, 

ElectHcal  serios  of  metala  in  hydroclilorlc  acid,  (iccftrtlmfi  to  Fkn^faj: 
Zinc,  cadmium,  tin,  lead,  Iron,  copper,  biamuth,  uiclici,  eilvor,  aniimoar. 

Erperintmls  tcilk  Oil  of  Vitriol.  In  fuming  eulpburic  oetd,  » 
first  ne^^tivo  towards  lead,  then  neutral,  then  positive.  —  Zinc  i«  aqt*t<** 
to  tin  and  rcuintn?  bo  on  moderate  dilution  of  tbo  acid;  lrh«^reu  btA 
aioc  in  the  same  mlxturo  would  be  positive  towards  tin  : — lioc  m  tiaii 
positive  towards  iron  ; — bisniuth  positive  towards  zinc»  lecul,  or  antiauayi 
-^biamuth  townrdb  tin,  first  positive,  then  negtitive,  (Fvclinar.) 

A  pair  of  zinc  and  copper  in  oil  of  vitriol  produces  n  cumat  vVdt 
togstber  with  tlio  accunipanyin^  developptcut  of  gMt  on  the  aiae,  mm 
«Baac0.  Breal^iiig  tJie  circuit  does  not  restore  tie  ciirnmt:  apilatiia«> 
tbe  Burface  of  the  »uc  rest  ores  it  partially;  but  a  drop  of  walar  oa  ik 
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iat  side  [wLlch  ilissolves  the  iBcru^ting  aulpLale  of  sine]  immeiliattly 
'axcUes  a  current  und  an  evolution      g^ie.  (Rosen^oliolil.) 

Zinc  hcuteil  hy  itself  in  m\  uf  vilriul  to  240°  dissolvea  quiqkly,  with 
evftlutifiii  uf  liyilrugen  and  sulphurous  acid  j^aaj  bruuglit  into  contucL  with 
platinum,  it  takos  thna  tiiuef^  as  lon^  to  diaeolve, — and  the  gaa,  wbicli  L9 
wholly  evolved  oo  iho  autf&fd  uf  tlie  platiDum,  is  nearly  piira  jutpharOOa 
acid.  (Andrews.) 

Lejwl  in  oil  of  yitricjl  remaina  positive  towarda  platinum  for  eieht  daya, 
(PfafT,) 

Silver  in  oil  of  vitriol  U  positive,  gold  ne^tivo  towards  platinum. 
(WaU^ker) — Ctiarcoal  is  negative  towards  platinum.  (Walckcr.)— Char- 
coal is  very  Htrongly  positive  towards  platinum  vthcn  the  oil  of  vitriol  ia 
heated  to  between  100*  or  150%  at  which  teiiipemture  the  cliarcoal  ia 
powerfully  nttactktid  by  the  ficid,  (Do  la  Hive.) 

Experiments  with  Dilute  Acid.    Zinc  is  etrongly  poaitivo 

towards  eudmiuui. — Iroo  and  uickGl  aro  permanently  positive  with 
copper,  aiitiinonyj  and  bismuth.  (Faraday.)- — When  zinc  is  cunnected 
with  inetaLlie  lead  in  »  mixture  of  one  part  nitric  acid  of  1'3  ep,  gr,  and 
4  parta  water,  a  portion  of  l«;a<i  ix  dissolved  as  wi>!l  as  xinc;  and,  if  tha 
zinc  bo  in  the  upper  part  uf  thi;  Uijuid,  a  lead-tres  \»  formed.  (Runge.) 
[Wens  th6' bieUis  in  intin]:itc  contacfJl  Lead  is  positive  toward^  iroa 
and  cop]ier,  and  is  very  Btrimgly  acted  apon  when  joined  with  them. — 
Gold  jind  platinum  when  united  give  no  current  at  first;  but  when  they 
have  heeu  kept  Mparrtte  for  some  time  in  the  acid  aud  are  tiicn  united, 
the  gold  hecomoa  poaitivf.  (Dec(juerel.) 

Platinum  i.^  positive  towards  peroxide  of  lead,  the  current  continning 
till  all  the  peruxido  of  Iflad  ha.',  disappeared.  (Schiinbein,) 

Electrical  eerioa  according  to  Dolafiive:  Zinc,  tin,  mercury,  lead,, 
iron,  peroxide  of  iron,  i:opper,  silver. 

According  to  Faraday  (one  measure  of  concentrated  nitrle  acid  with  7  of 
water);  Ziuc,  cadiuiuu,  laid,  tin,  iron,  nickel,  bieuiuth,  autimony,  copper, 
stiver. 

EiTperinicnts  witfi  Conceni rated  A'itric  Acid,  Many  metals  wb&n 
iiwniersoil  in  this  acid  undergo  a  change  of  etalo;  they  become  more 
uleotro-negativi!,  less  oxidahle,  and  lose,  either  wholly  or  for  the  moat 
part,  their  tendency  to  ilecompoae  ne'id;:^  and  metallic  oxides;  they  pass 
from  their  ordinary  active  slate  into  a  paxsive  st&to.  Tliis  was  first  shown 
hy  Kcir,  with  respect  to  iron  imnicrecd  in  solution  of  nitrate  of  silver  or 
fmnifig  nitric  add;  nnd  the  subject  was  followed  np  by  Herechel,  Wetilar, 
raraday,  Moussoii,  Andrews,  and  particularly  by  Sebonhoin.  It  ia  pro- 
bable tliat  Bomc  of  the  facta  relating  to  this  matter  may  not  be  of  galvanic 
■  nature;  but  they  are  so  clonely  connected  with  galvanism,  that  it  would 
not  be  couvcnient  to  consider  tlieni  apart  from  that  subject. 

^inc  cannot  be  rendered  permanently  passive.  So  long,  however,  04 
it  is  ke]>t  in  contact  with  platinum  in  nitric  acid  of  1  -5  sp.  gr.,  it  dissolrea 
much  more  slowly  than  uuder  ordinary  circuniatanceij,  (Andrews.) — la 
strontr  nitric  acid,  it  is  powerfully  nei-ativo  towards  cadmium.  (Faraday.) 

Tin  in  the  eljapc  of  foil  iinderiroes  uo  chan[;c  i"  nitric  acid  of  1-5 
ap.  gr.,  even  whea  boiled  fur  10  minutce;  whereas  dilute  nitric  acid  im- 
mediately coiivorla  it  into  tlie  hydrateil  peroxide,  the  action  being 
attended  with  viulejjt  liuat  and  ovulntion  yf  gaa.  When  tinfoil  ia  dipped 
into  aeid  of  1-5  sp,  gr,,  and  then  taken  out,  oxidatiun  begina  after  a  few 
second;)  at  a  single  ^wint,  and  spreads  rapidly  over  oU  the  parts  that  have 
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the  later.   TW  tm  tftw  tnu»4 
bt^  Kpwatfid  inm  iW  fhriiin;  Wt  if  tfaa 
^VM  |0  it.  or  if  tk*  rutvf  th»  —tol  wfciA  frqy  wf 
wcMed  wilk  Bttm  mm,  nft4  mjatipa  mot  Ite^ws.  <3CaBHBa.) 

Hittie  K«4  of  I'$  sp-  gr.  dow  mC  m1  Ua,  erea  wfan  tb«  artil 

b  [wiHii  in  it  for  w^tkjt;  mtai  of  1'47        gr,  «cU  liiilwrli 

Taiiii,  ut4  *  of  tta  H  ntndMied  uto  it  a  mch  «  m* 
UnnA  tin  pialiaam  befera  immiaa,  the  ti«  faeennm  puBT«  mi » 
■MMiM  »  mlber  hnmg  mfMmlai  trtm  tit*  |»Uliiiiim.  (Atulrews.) 

Tib  hi  conUM  *-Hk  phtnna  in  cnoMBlnt^  nitrie  *c>4  fP^M  m**^ 
ft  cflrreei  ■whin  AgilaleaL  (Fan^jr.)    Dif  inimnmcm  i>  mV 

add  in  muKCtian  with  ptuiaiui,  tia  h  leadend  M^gativa  ivratJt  d 

Lead  U  St  ask  awattw  lowmMa  mppar  io  wnwnownataj  ikitrie  aai 
■ftenrardi  pontmL  (Fedner.)   Tovania  fiopiiar  It  ia  Mgative.  (Dt  k 

jMantiM  itninened  in  nitrir  acid  «f  1-5  ep.  gr,,  inmiMiiat^lf  hi  W 
pairire,  m  UiU  ■  naall  ^e«e  of  it  doea  not  diwolve  oonplatalj  ht  mntd 

wecke.    In  acU     1-4  ffj>.  gr.  it  dtesolves  npnlly  with  edcrrMonwi;!* 
on  luui-liing  it  witli  plaimuni,  ihh  actioti  cc9«e«,  and  tliv  natal  aei|«ir«i 
jMculiir  liutrfl.    If  lEie  pliitinnm  hv  then  retaoved,  ttia  bimaA 
ilBMa  faceonet!  active,  eometimes  pofsiro.    In  tbc  latter  oaiw,  it  iM 
boeomei  wrcrvd  witli  a  dark  film,  wLicb  eubwii^aeutljr  dinaotrw— <k 
natal  «oce  more  sojuiriD};  a  brigbt  surface  s,nrl  diR^otvuigr  T«nr*Ua|| 
As  nfteo  tu  lliis  ^<si«sive  bi<iTnoth,  wliilc  uuder  tli«  »cid,  ia  tofuwdvff 
platinum,  nD<9  th^u  ^epanit^,  the  tluck  Rlni  n^ui  ap|Man,  but  it** 
ceedeJ  immedtBtcty  by  the  former  ld8Lrt>.    Williaut  (bp  aid  of  pUliaA 
al»o,  a  jtiuve  of  bumntli  (wcighitig  ^  f^f^ta)  will  often,  nbeu  tBiMn*4i 
nitric  tK><l  of  l'4»p.       begiu  to  i.li«Ar>lTO  with  cllt>rv<«ci*)iiov,  na^  lU 
paddenly  be««)me  pawive,  especi&lly  vlicn  the  li<]iiid  is  niptftlwL  t 
molted  biHiTiutli      poured  into  a         tahe  and  filed  tiirooirb  <ta  tb»tiit* 
after  cooting,  tli«  filer]  surfiirc  will  be  passive  frniu  the  l>(^(iiituta|r  b 
of  1  -4  ip.        Bietnuth  >iiso  becomes  paMire  id  add  of  1'4  tp,  gt.^ 
wed  n*  tbfi  ftotitiTe  pule  of  a  bnttery  of  two  pain  of  fdatra.  (Aadrm) 
Bifltoulb  hfoonm  AK  €niiij>]ctely  puwire  wbon  placed  by  iurf'' 
stTotij^'  fiiiiiinL'  Tiitrir  ftriil  m  in  Acid  u(  14  »p.  jrr.,  in  eontart  viib  ib 
tiniiiii.     It  tlh-ti  pn-jtltifpfi  nn  cvivtutiuii  nf  giks  in  aetil  af  1*4  «p.  fr^ W 
dinnidvpFt  ^'ni<lLiMl1y,  iin>l  I'xlji^iitv  »  ijni>i(iv<»  mu'ttoa  towmnl*  plMii*^ 
wbttii  rQiiiioL'irit  with  it  iliruu^b  tlio  meditmi  of  tbe  fliilrniiiMniaa  ** 
arid  uf  1'3  .-p.  ^r.,titauutb  dues  not  div^oKo  io  tL«  aUeblort 
ncvurtbfil«»  it  diwa  out  Urcome  ptBura,— for,  nn  being  aabM)MBtfy  f* 
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acid  of  1*4  sp.  gr.  it  dissolves  an  rapidly  as  under  ordinary  cironmstancef. 
—The  black  film  and  eubsequeat  brlghteaiog  of  the  surface  of  biamath  ia 
add  of  1-4  sp.  gr.  are  produced,  not  only  when  the  metal  is  touched  with 
platinum,  but  likewise  when  the  acid  or  the  bismuth  is  moved  with  a 
ghus  rod.  As  long  as  the  black  film  remains,  the  solution  of  the  bismuth 
goes  on  slowly;  and  as  Idng  as  the  bismuth  remuns  in  contact  with  tiie 
platiunm,  gas  is  eTolved  at  the  snziiMW  of  the  latter  [Nitric  oxide  gasi] 
(Seh&nbein), 

The  r^id  solution  of  bismuth  in  acid  of  1'2  sp.  gr.  is  immediauly 
ohecked  by  contact  with  platinum;  but  the  bismuth  still  continues  to 
4i>iolve,  though  slowly  and  without  effervescence;  it  becomes  black,  and 
is  positive  towards  platinum.  Even  when  separated  from  the  platinooij 
it  dissolves  but  slowly.  ^Noad.) 

In  faming  nitric  acid,  bismuth  is  first  negative  towards  lead,  then 
positive,  then  permanently  negative.  (Fechuer.) 

Iron  may  be  rendered  passive  in  the  following  ways : 

P.  1.  fiy  heating  it  in  the  air  till  it  becomes  coated  with  black  oxide. 
^Herschel,  Sohonbein.)  When  one  end  of  the  wire  is  heated  till  it  oxi- 
dates, the  other  end,  which  does  not  appear  to  be  altered,  is  also  rendered 
passive.  (Faraday.) 

P.  2.  By  dipping  it  for  a  short  time  into  fuming  nitric  acid  (Keir),  or 
nitric  acid  of  1*5  sp.  gr.,  or  into  a  mixture  of  nitric  acid  of  1'35  sp.  sr. 
and  oil  of  vitriol  (Schdnbein),  in  whidk  liquids  it  produces  do  evolu- 
tion of  gas,  even  from  the  b^nuin^. 

P.  3.  By  immersion  in  nitric  aad  of  sp.  gr.  I'Sdd,  in  which  it  at  first 
becomes  brown  and  evolves  red  vapours,  but  afterwaids  acquires  a  bright 
metallio  lustre.  Sometimes  it  acquires  a  tffown  surface  when  tuns 
treated ;  but  if  withdrawn  for  a  moment  from  the  aud  and  allowed  to 
&11  in  again  suddenly,  it  becomes  passive  in  half  a  second  and  aoquires 
the  metdJic  lustre.  With  a  somevoiat  weaker  aoid,  convulsive  intemus- 
mtmu  of  efferveecenoe  and  inaction  suooeed  one  another  at  intervals  of 
half  a  second  or  leas — ^the  effervescency  and  subsequently  the  tranquil 
state,  progresamg  from  one  end  of  the  wire  to  the  other.  (Hersohel.) 

P.  4.  A  wire  is  dipped  into  acid  of  V35,  which  acts  violently  on  it, 
taken  out  after  a  second,  then  put  in  again,  and  so  on.  After  from  four 
to  six  immersions  and  extractions,  it  becomes  more  passive  than  P  5. 
(Sehonbein,  Bufi".) — In  acid  of  I'S  sp.  gr.,  iron  may  also  be  made  passive 
l>y  repeated  inunersion  and  extraction,  and  likewise  by  agitatmg  the 
liquid  for  some  time.  (Monsson.) 

P.  5.  In  a  mixture  of  oue  part  nitric  acid  of  1  '399  sp.  gr.  and  ^  part 
water,  iron,  which  acts  violenUy,  is  placed  in  contact  with  platinum:  the 
action  is  immediately  stopped  (in  weaker  acid  the  iron  does  not  lose  its 
activity).  Heradiel. — Generally  speaking,  the  acid  acts  in  two  ways, 
Tiolentlv  or  slowly,  according  to  its  strength.  The  violent  action  wjiich 
takes  place  in  the  weaker  acid  is  not  interrupted  by  platinum.  (Buff.)— 
Or  platinum  is  first  immersed  in  acid  of  1-35  sp,  gr. — then,  iron  which  has 
previously  touched  the  platinum:  no  solution  takes  place.  Idkewise, 
when  a  small  piece  of  gold-leaf  is  fastened  to  the  end  of  the  wire,  or  a 
trace  of  platinum  precipitated  upon  it  by  momentary  immecsioo  io  solu- 
tion of  chloride  of  platinum,  the  iron  is  rendered  pas»ye  by  subsequent 
immenion  in  acid  of  1'85  sp.  sr.  But  combination  with  platinum  has 
no  effeot  in  acid  of  1  -35  sp.  gr.  heated  to  75°  [C.  1],  or  in  mixtures  of  one 
part  add  of  1-35  sp.  gr.  and  from  1  to  1000  parU  of  water.  (Sehttebein.) 
If  the  iron  be  onuectod  with  |datintim  ^irough  the  galra&uneter/— then, 
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OH  ImmeTsiBg  the  metal  in  t!io  acid,  foeitivo  electricity  goes  abundaally 
at  firat,  aiid  sparingly  nfterwnrds,  from  the  platinum,  tlirougli  tlie  gal»a- 
nometer,  to  the  iron.  The  iron  doua  not  (icccmic  cQnipletely  passive  till 
the  current  has  rpuched  its  luinimum.  If  its  connection  with  the  pl»- 
tinum  be  iiittrrupt-ed  beforfl  thtP  takes  piace^  the  iron  apoulaiieoiuly 
loses  ita  jiitaBive  condition  in  the  acid,  and  ia  not  afterwards  caiuble  of 
making  another  piece  of  iron  passive  (according  to  P.  7.)  Buff, — Iron  ii 
als-)  rcpdered  pn.ssire  by  plntiiiuni,  gold,  graplnto,  or  charco&l,  in  Mid  of 
1"3  8p,  gr.  Silver  acts  lcs;s  ptiwerfnUy. — A  steel  needle  dissoKos  wheo 
first  introduced  into  a^id  of  1'3  sp.  f;r.,  but  subecijuiciitly  Tiecomes  paaaT?, 
from  the  iictiort  of  the  grapliite  which  separates  frniii  the  steel.  (Farnday.) 
In  acid  of  1204  ep.  gf,  an  imti  wire  is  hot  proletted  by  being  bonoa 
roMtid  with  pIcLtinuiii  wii-e,  but,  on  the  contrary,  diesolvetl  more  quickly 
than  it  would  he  if  altjne.  But  if  tlie  platinum  wire  bo  first  immrraBd  in 
the  acid,  and  then  the  iron  wire  bfiund  round  with  it,  the  iron  beoonua 
passive,  and  remains  so  oven  when  the  plEiCiiium  \&  renioived — but  ia  lo 
slight  a  degree,  that  it  ia  not  capable  of  inipartiiLg  (as  in  P.  7.)  the  uwuf* 
state  to  another  iron  wire,  but  *xa  the  contrary  renders  it  active.  (Noad.) 
—  If  tlio  positi\-Q  electricity  of  a  voltaic  pile  he  tiuutinii ttcd  tLroagh  u 
iron  wire,  and  the  negative  electricity  tlarougli  a  platinum  wire,  into 
solution  of  acetate  of  leaJ,  the  iron  ac'piircs  a  coatiug  of  peroxido  of  InJ 
(which  acts  like  plutinum}j  and  is  thereby  rcaderod  very  passive  io  nitric 
acid,  (Schiiuhein.) 

P.  6.  The  positiro  electricity  of  a  volt&ic  pile  is  conducted  into  Dltnc 
acid  of  I '^5  ap.  gr.  through  an  iron  wire,  which  is  dipp^  In  |a«t,  tA*r 
all  the  other  parts  of  the  circuit  have  been  put  iu  conncctioii,^tbe  nf^- 
ttve  cloctrii'ity  beiiii;  conducted  by  a  pktiuum  wire.  If  the  iron  i«  im- 
mcracd  before  the  platinum  wire,  it  does  not  hccoiiio  paaaive,  but  ran li- 
rnaes  to  dissolve.  (Sehonbein.) 

P.  7.  By  coTnmunication:  One  end  of  a  wire  being*  rendered  poHnn 
(P.  1)  by  ignition,  this  end  dipped  first  into  &cid  of  1*35  sp.  gr.  xaA 
then  the  end  which  is  yet  active,  tlie  latter  al^u  becomes  pngsivp.  Simi- 
larly, with  two  wires  connected  without  tho  acid — the  ignited  wire  bciu 
firet  immersed,  then  the  active  wire.  If  the  two  wires  are  connected  tlirou^ 
the  medimn  of  the  galvanometer,  positive  electricity  goi«  for  a  shurt  Uta* 
from  P.  1,  Lh rough  the  gidvanom&ter,  to  the  active  wire  (Sclionlwiu). — P.  5 
is  liliewiso  sufficiently  passive  to  impart  the  passive  ataiti  to  octiro  lioe 
(Farftday)j  so  likewige  is  P,  4  (Buff): — If  the  ond  ofth*  iron  wirewvofod 
with  peroiide  of  lea<l  (n'c/.  P.  5)  be  iiniuerscd  in  acid  of  1-3  sp.  ([r.,  vaA. 
then  the  active  end,  the  latter  will  become  jm^sive;  so  lilcQwi^o  will  ukk 
ther  iron  wire  connected  with  tt.  (Sch6nb«iti.) 

If  the  ignited  end  of  the  wire  be  dipped  into  the  cup  «  {App.  2).  lh< 
unignited  cud  into  the  cup  h, — a  and  h  being  filled  with  nitric  acid  of  sp. 
gr.  1-3,  and  connceted  with  a  short  wick  of  aebe^tus  eaturatwd  with  the 
«ime  li<initi,-*tho  unignited  end  will  rermin  active,  on  accO'Unt  of  the  dilo- 
tion  of  the  lii]uid.  Similarly,  when  a  platinum  wire  ia  aubstituLod  fur  tht 
aabcstuB  A;  hut  if  the  connection  A  eon.'fi^ta  of  cojtpcr  or  broita,  or  if  «aly 
tho  immersed  end  of  7  consint^  of  copfver  or  bruse,  and  tho  iintnoraed  ncl 
I  of  platinum  or  gold, — or  if  A  consi^U  of  an  imi  wire — tho  end  whidi 
dips  into  h  having  been  ignited, — then,  on  Erst  imniorsinj;  the  lurtallio  ur 
i,  afterwardri  the  ignited  end  o,  and  lastly,  tho  unignited  ciid  0  p  of  llw 
iron  wilrc. — tho  end  ;>  becomes  passive. — If  ihe  !gnit<>d  vaA  unigait«d 
pnde  of  the  iron  wire  0  ^  ho  first  inmter«ed  in  the  cups  a  6, — iheu  tin 
ignited  end  1  of  vi  iron  wiro  made  to  dip  into  h,  asd  lustty  tbo  uai^ttd 
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nd  g  into  a,  tlits  end  will  become  paetiivc.  If  the  wiro  ^  A  i  be  active  at 
Dth  ends,  aud  ii  bo  dipped,  a.ft«r  iha  ininiersioa  of  (he  vi'ite  o  p.  Gist 
ith  tLe  end  i  in  b,  tlieu  wilb  g  ia  h,- — i  -will  imnicdiatdy  becomo  pas- 
ve,  the  eud  <7  Tomainiiig  active  In  thie  matiner,  several  wires  niay  be 
merged  c>ue  after  tb^  ot'ier,  and  madie  passive  nt  the  immersed  end  b. 
t  if  tbe  end  of  the  iron  wire  o  jr,  which  dips  into  a,  lias  been  rendered 
ivu,  not  by  ignitiun,  but  by  the  action  of  nitric  acid  (P.  2  or  P.  5),— 
en,  OQ  cunnecting  the  Cupe  ah\a  tko  mtiun^r  a.l>uvede6cnL«d,  bym^aiig 
fm  active  irun  wire,  all  four  ends  become  aetivo.  (Scbonbein.) 
Iron  rendered  passive  by  nitric  acid  eshibits  a  brighter  lustre  tliau 
foro.  (ScSiubbeiii . )  P.  1  conducts  a  feeble  tbermo-eleetric  current  per- 
tly well;  iron  tuiide  paseive  by  nitric  acid  conducts  it  Icbs  readily;  but 
to  current  of  a  gnlvanic  circuit  is  conducted  by  the  latter  perfectly  ■well. 
Farailay.)  [The  scale  oijde  of  iron,  with  wbicii  P.  \  is  encm&ted,  ia 
very  godd  conductor;  specular  iron,  wblcb  probably  cnveloijes  iroo  made 
■■"sive  by  nitric  acid,  doea  not  coiiduct  so -well  (p.  3!fl).J  — Noad  con- 
udes  from  his  own  expcriiiicntH  tbat  iron  mode  passive  By  nitric  acid 
nnot  be  regarded  aa  a  conductor,  even  for  the  galvanic  current. 

P.  3  ia  no  lonffer  attacked  by  nitric  acid  of  1'399  ep-  gr.,  not  even 
ter  being  washed  with  water  and  aroniyuia,  or  exposed  to  the  air,  or 
utly  touched,  either  In  or  out  of  tbe  aetd,  with  glikea,  gold  nr  plntiiinin; 
t  brisk  rubli>iitg  renders  it  active,  and  efferveeccnco  ensues,  continuing 
'11  tlie  iron  has  resumed  its  passive  etate.  H  likewise  becomes  active  by 
ing  touthed  under  the  acid  with  zinc,  antimony,  bismuth,  lead,  or  cop- 
r,  tlio  efiervescence  spreading  out  from  tbe  point  of  contact  over  tno 
hole  of  the  immcreed  piirt. — If  tbe  middle  of  the  wire,  P.  3,  bo  covered 
ith  wax,  botb  eudsi  dipped  into  tlie  eume  neid,  find  i>no  touched  with 
oppcr,  both  become  active;  but  if  the  end  n&t  touched  by  the  copper 
rojectd  above  the  acid,  tliC  end  in  contact  with  the  copper  alone  becomes 
tive.  (Herschel.) 

P.  3  withstands  the  action  of  nitric  acid  tolerably  ililute;  also  that  of 
id  of  1  '399  6p.  gr,  pretty  strongly  heated,  but  not  that  of  boiling  acid; 
hcreas  P.  1  is  not  soluble  even  in  boiling  acid.  (Hcracliol.) 

Iron  wire  made  passive  by  ignition  is  rendered  active  again  by  rub- 
in^.  (Faraday.) 

t  Iron  made  passive  by  fuming  nitric  acid  remains  no,  evon  when 
exposed  to  tbe  air  fur  several  hours  or  even  days.  (Scbonbejn,) 

Iron  rendered  passive  by  nitric  acid  Ujsc*  its  paesive  condition  com- 
letely  when  nil  the  acid  is  watched  off.  (Butf.) 

Passive  iron  is  attacked  by  chlorlue  gas,  bromine  vapoUt,  and  bydro- 
loric  acid,  and  regains  its  active  condition.  (Scboubein.) 
Ipou  made  passive  in  nitric  acid  regains  its  activity  when  it  is  taken 
out  of  the  iuci(l,  and  Iho  adhering  acid  removed  by  craporiLtlon.  Tbe 
yi'm,  while  utill  wet,  renia-ibs  piissive  in  contact  with  glass,  wood,  paper, 
latinum, — but  bcmracs  active  by  contact  with  oxidablo  metala;  these 
roduce  at  the  point  of  contact  a  «lark  stain  of  oxtde,  which  diffuses  itfiolf 
over  the  whole  wire.  (Mousson.) 

P.  1  is  passive  towards  nitric  acid  of  1'35  ep.  gr.  even  when  heated; 
but  if  aubBeqiiently  heated  in  hydrogen  gaa,  it  recovora  its  activity.  Ircva 
wire  plunged  in  a  state  of  ignition  into  nitric  acid  of  1-5  ap.  gr.,  gives  up 
no  iron  lo  it,  even  after  ti  minutes'  boiling,  Iron  does  not  dissolve  in  acid 
at  V5  9p.  gT,  oven  at  a  boiling  heat  J_f]. — P.  2  does  not  dissolve  in  acid 
&f  1-35  fip.  gr.  even  boiling  [M. — ^If  P.  2  bo  washed  with  water,  it 
attacked  with  violonce  by  acid  of  1'35  sp,  gr. — Piiaaivc  iron,  dotja  ' 
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P.  I,  2,  S.  «r  8  niHH 'm  pi^HIt  IHtar  Ifcte  p  T,  «W  wit 
mI«  Mtmv  BM  Ml  J  m  kitei  «  MiAi^  W«  likewise  a  thr  liJto^ 

Iiif  «mj*:  «.  Wtea  Ae  jmt  vUcfc  has  hen  fa  Ike  meiA  w  l^ai  4rt 

itfc  WW  art  trtWJ  Hiftirti  i  at       aut  m  wUefc  ihn  Mark  tfc*  » 
fcn  af  Ifce  aoiL— c  Wbea  thei^  wiich  ^  kn  takn  MKirtk 
■  ta^cfaJtym^rtalwtefc  1  III  I       the  ariJ,  «^  aa  !».  tuw;  Em. 
amcr.— 4f.  What  P.  7  b  liiaihi  fcy  — rfc  a  metal  »kh«  tW  agHftftw 
CBii  af  P.  7  flomtttBd  iiaiiilii  tha  and  wiA  tfe  other  Mtel,  Ih 

two  attar       aw  Immv  1  (TaaddapP.  7  with  jli  iwltn 

b  the  aad  4aai  Mt  dottar  the  pMm  Ate.)  (BehBah^) 

Ob  dtpiK^  int  the  aaignhed  aad  thta  the  ifBTteil  aad  afa  wmUi 
wod  of  1-35  ip.  rr.,  th»  httar  heeMaei  artivc    If  actm  aad 
boa  P.  1—7  be  ami  a^aistdf  fmn  wh  ether  brto  aitrir  wil^f 
1 35  ««,        aaj  thea  cvneetcd,  the  fMiln  baa  hceoMi  tiin. 

Pmhtv  iron  beeomM  artire  vfaen  loDched,  sti ^rr  (litnc  acid  ot  1  'U,  vift 
&D  oxjilable  nwtal,  »arb  U  liiic,  tra,  lOil,  active  irv^  eoppei,  hlM^  ■! 
erpb  witb  jnuttre  biaDuth,*  but  Lf  tt  be  at  the  mmt  tfba  m  cvatMl  fid 
E^ttona,  It  is  Ddt  rntdeted  aetire  bv  pasHre  buaiath.  (Schtabw,^ 
When  paniire  imt  ia  consectai!  wiO^  an  oxi^bh  nwlAl  thiv^  m 
nadiotn  of  lb*  g«lruioniet«r,  iTulcad  of  in  Ibe  adJ.  pmiiive  riwtr^t^ 
gocB  frata  the  iron  through  tbe  ^rutometcr  to  the  taitvr.    ( Mniiaina ) 

If  ao  act)  vt  iron  wire  in  the  form  of  a  hrk  a  b  {Jpft.  1 7)  ba  '-nnm*F^ 
at  e  with,  a  Mraic:bt  wire  c  d,  irhose  othf^r  end,  hu  be«n  i^iicd.  lal 
thill  end  he  6m  clipped  into  arid  of  IS5  np.  f;r.,  th«n  tb«  >en«l«  a  h 
latter  witl  alro  become  paaeive.  But  if  tbe  end  &  be  <»nn«ctr^  viil 
an  actire  wire  eft,  Ibo  efferrescen^  wiH  projgfeM  from  this  mH  ii- tar 
cod  bat  Dot  to  tbe  eo>l  a;  ?xcvpt  when  the  comieetioii  betwvea  af 
Utdl  c  d  a  brokea.  (Scbunbctn.) 

When  iroT]  n-ire  made  ponive  bj  Ditrir  add  ii  connceied  br  CMMilf 
the  galTanonieler  with  *a  aclire  wire  of  iron  or  tteel.  ^nA  cftpptd  fail 
Rrid  of  13  Hp.  gr.,  it  sends  positive  electmity  through  the  galvaswilkl 
to  tlio  active  wire,  s  4bort  time  after  imm?riiun;  v-pon  tliis,  the  mmM 
wire  ia  diswlre^J  and  the  current  ii^ea^s.  If  ona  wire  bo  boBehe/ta  til 
acid  with  gold,  platiDum,  or  charcoal,  both  wtFea  beoooie  paMTk 
(Faraday.) 

On  coDitc^ting  &a  active  and  a  pawive  wire  with  the  aBlraaeaHlK 
and  immenin^,  firmt  itto  pa^ive,  then  the  a«tire  wir«  in  «c»d  of  1-374  f 
frr.f  a  large  qnaiilily  of  positirc  elcctricitjr  paisse;;,  at  fir«t,  from  the  |?a™w 
througli  the  ^1van«metcr  to  the  ncti%'e  win?':  tb«  poanre  wlm* 
giu  to  diwolre^  Saallfi  bottx  wires  becomo  puairo  and  thai 
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tliey  conduct  negnlive  electricity  to  Llie  iros,  (owtirds  'nhith.  therefore, 
tlie  nitric  oxido  is  tmneferred;  and  thus  looming  in  Cdnliwl  with  l\\o  film 
of  oxide,  decomposes  it  by  abstracting  its  oxygen.  Ir&ii  whicli  Ifl  highly 
passive — eapcciHlly  that  whicli  has  been  ignited,  mid  is  therefore  covered 
with  a  thick  film  of  oxide — is  crapabk  of  inducing  the  piiasivo  atate  in  iron 
wlii«h  ia  connected  with  it, — acting  in  fact  like  jilatinum;  it  is  true  that 
it  hereby  loses  n  portion  of  itB  covering  of  oxide,  just  us  IL  doefl  wLcd  id 
cuniact  witli  copper;  but  Binco  this  coating  i^  of  coDBiderahle  tfaickneea, 
the  other  iron  liecoinea  paasive,  eoouer  than  that  which  is  already  puseive 
can  bo  rentlcrod  active.  On  the  other  hELiid,  iron  lese  conipJetely  pEiasiTe 
becomes  active  by  cotmectioD  with  iron  already  in  a  state  of  activity^' — 
itiixemnch  as  it  loses  ita  paeBiTe  character  before  the  active  iron  ha^  ac- 
{juired  a  coatin^j'  of  oxide  sulSciciit  to  rcndvr  it  passive  DiiulQ  nitrio 
acid,  hydrochloric  acid,  all  acidsj  in  short,  by  which  oxido  of  iron  is  easily 
deswived,  deMrgy  tho  jta^sive  atato  by  removing  the  oxide.  The  rp- 
nmrkabW  phenomL'na  of  pult^alion  miist,  on  this  byp^ithesis,  be  attributed 
to  the  rapid  forniatiuD  and  ftubsequi^Ht  eotutiot]  of  the  film  of  oxide.  Even 
if  complete  csptauatioti  bo  unattainable  at  present,  it  may  yet  be  hoped 
that  this  yiode  of  explanation — -which  is  likewiec  applicable  to  the  other 
pnssivo  metals — will,  on  more  eiact  inveistigution,  be  fotintl  to  embrai^e 
the  vt-holc  of  the  facte  relating  to  the  p.ifleive  condition  of  iron.— Moiis<soti 
attriljuteit  the  paesivo  state  of  iron  to  a  covering  of  nitroDS  acid;  WetaltiC 
and  Echcinbein  to  a  peculiar  electro-dynamic  rondition  into  which  they  sup- 
pose the  iron  to  be  brouf^ht.] 

In  concentrated  nitric  acid,  iron  is  negative  towardfl  antitnony,  bis- 
niuth,  copper,  and  eilver, — poattive  townrdegold  and  platiimm.  (Kechner.) 
— In  nitric  acid  of  1  5  ep,  gr,  posilive  electricity  paaeei!  at  the  first  monieni 
from  the  platinum  through  the  galvanometer  to  the  iron;  bat  the  current 
soon  ccaees,  (Moosson.) — In  concentrated  nitric  acid  [poeaibty  not  tho 
etrougest],  iron  is  positive  towards  lead,  and  ia  violently  attacked. 
Tuwaida  copper  it  ia  often  nc^tive  at  first;  but,  with  the  suddenly  coni- 
mfiucing  rapid  solution  of  tho  iron,  the  current  is  reversed.  (De  la 
Hive.) — Passive  iron  ia  negative  towards  active  iron,  copper,  and  eilver. 
(Buff.) 

Active  iron  in  concentrated  nitric  acid  is  positive  for  tho  first  instant 
towarda  copper  and  silver,  but  Boon  becomes  negative,  and  remains  so. 
In  acid  of  ap,  gr,  active  iron  h  at  first  poaitivo  towards  silver,  he- 
comes  negative  for  a  few  recouda,  then  again  positive,  and  so  on  alter- 
nately eight  or  nine  times,  till  at  lengtli  it  becomes  permanently  positive. 
Passive  iron  is  negative  toworda  silver  in  acid  of  I'Ssp,  gr;  hut  the 
action  contintioJIy  diminii^heg  ia  energy,  and  iiually  ceasofi  when  the  sur- 
face of  the  silver  becomeis  tarnished.  ^Faraday.) 

Paesivc  iron  is  feebly  positive  towards  phlinuni  in  concentrated  nitric 
acid,  (Schynbein.)  Active  iron  is  at  first  strongly  positive  towards 
platinum  in  acid  of  1*3  sp.  gr;  but  the  current  soon  oeaaos,  as  the  iron 
INUfli'S  into  tlio  passive  «tate,  Paseivo  iron,  therefore,  given  do  current 
with  platinum,  even  when  first  immerBed  in  the  acid;  but  whenever  the 
iron  is  moved,  a  momentary  current  la  excited.  Sleel  in  concentrated 
nitric  acid  remains  «trong!y  and  permanently  positive  towards  platinum 
for  fourteen  days,  but  ia  not  altiickcd  by  tho  ;icid.  (Pfofl",) 

If  an  iron  wire  coated  with  peroxide  of  lead  {liy  precipitation  from 
solution  of  acetate  of  lead  in  the  voltaic  circuit)  be  connected,  tbr 
the  medium  of  the  pal  van  o  meter,  with  an  active  iron  wire,  an^ 
wires  inimeraed  in  nitric  acid  of  \'3  ep.  gr,,  pUbitive  cloetricity  wi 
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on  expoaiiTfl  io  the  air.  When  a  pulsating  and  n  Qon-pnle&ting  viik  tn 
connected  with  tlic  giilvan(iineter,  tbe  forraet  is  haud  to  be  (MMitive,  tt 
100%  towarda  llic  latter.  Tiie  Jcflectif-n  increase's  tUI  pulaatigu  begin*, 
upon  wbicEi  the  needle  suddGiily  riBtrogratlea.  (Gm.) 

Experiments  with  Iron  reduced  from  ihe  aiatt  of  Pei'oiritU:  hjf  Utjdrogtn 
gas.  A  large  quantity  of  finely  divided  iron  introduced  into  x  email 
quanlity  of  nitric  uciJ  of  15  sp.  ^i.  produces  aviolent  etlerTeeccnce.  Thia 
effect  K  tept  up  for  some  tinie,  in  conBeqTaence  of  the  rise  of  tenip«nUin 
which  cubueg,  but  gradually  diuiinishe«  as  the  liquid  couls;  bo  that  s  Ur|* 
quantity  of  icon  reniaius  uudiesoJved;  tliisj  however,  disappears  fwm- 
pletely  on  benting  the  acid  tn  the  water-hath.  Finely  divided  iron,ci^eJ 
by  small  quantities  at  a  time  into  acid  cooled  hy  snow,  prodnoes  effi-r- 
vesceocc  oh  each  addition;  this,  however,  soon  ceaaoa, — ao  thai  &  lu|« 
quantity  of  iron  may,  by  little  and  little,  be  introduced  into  the  and 
without  cnusing  any  conBidcrable  action,  If  the  acid  be  now  pounrd 
and  water  poured  upou  tho  powder,  violent  effervescence  eoKues.  But  if 
the  powder  be  freed  from  adbcPing  acid,  hy  trausferriug  it  Cu  a  plate  A 
gyp^tuui,  and,  when  nearly  dry,  introduced  by  email  portioaa  at  &  time 
into  water  which  has  liien  huilotl  and  cooled,  it  will,  when  thus  woehcd, 
communieate  a  deep  red  colour  to  a  mixture  of  hydrochloric  acid  m<I 
eulphocyaiude  of  potaaaiiini  (which  colour  gradually  di^ippears  *b  (tie 
metallic  iron  diaaolrea), — whereas,  reduced  iron  not  treated  with  nitric 
acid  sc-.'irceJy  reddens  tim  same  mixture.  If  the  powder,  freed  by  g^'piin 
and  water  from  adhennif  acid,  bo  dried  iij  a  ylass  tuho  by  a  current  of  drj 
hydrogen  gas,  continued  for  several  days,  first  .nt  the  ordinary  teiii[>cr>- 
ture,  then  at  gentle  heat,  and  finally  lieatcd  to  i-cdne&s  in  the  atroam  of 
gas, — a  conflSdemhle  quantity  of  water  is  inmiediiitcly  depoaited.  [Th» 
hiBsin^  noiae  caused  hy  powder  even  in  cducen trated  nitnc  acid,  lie 
ozperinient  witli  sulpliocyanide  of  potaf^sium,  and  that  with  Ityilrogen  gK 
are  in  favour  of  the  f-uppoaition  that  a  film  of  porosido  of  inun  is  ^rmeiL] 

[The  paseivo  condition  of  iron  treated  with  nitric  acid,  nittale  m 
eilvor,  ifee.  probably  arises, — according  to  Faraday earlier  view  (whid, 
however,  ho  has  Bubsequently  modified,  Phil.  Mn<j.  J.  10,  7.^), — from  tie 
formntion  at  a  thin  film  of  anhydrous  oxide  of  iron,  aualogous  to  epe- 
flulur  iron.  This  view  ia  supported  hy  the  fact  that  iron  which  hu  MH 
ignited,  and  is  tlierefore  completely  covered  with  black  oxide  (Fe*  0*). 
exhibits  preciaoly  the  same  characters, — excepting  that,  from  the  .grwttB 
tbicknoAS  of  tbe  coating,  It^  pa^^ive  eonditiou  more  compIete,.^^nd  thlt 
iron  becomes  passive  only  in  liquids  wbtcb  readily  give  up  oxy^CO.  S* 
Ihin  a  film  of  spetular  ir^n  cannot  destroy,  but  merely  modifv-,"tue  luatn 
of  the  metal.  Now  thia  coJitlng  almost  wholly  resieta  the  sulveiil  artivi 
of  coM  etroag  nitric  acid;  bonce  it  prevents  the  acid  from  coming  n 
contact  with  the  rest  of  the  iron,  and  consequently  its  further  a<-tioa. 
When  tlii!  acid  is  heated,  and  partly  disBolven  off"  Ibo  coating,  a  n«w 
one  °in  iniuiedtately  formed  by  itu  action  on  the  exposed  iron.  In  acidlf 
l-A  Bp,  gr.  tlio  formatinn  of  lliie  coating  tuhet^  plikcc  iinnicdiat^ly ;  iu  wtA 
of  r35,  contact  with  platinum,  fi:e,  is  iicccBeary,  the  aecond  m^^Utl  •errlRg 
to  convoy  the  nej^alive  electricity  j-et  free  in  the  iron  to  the  tkilrio  oxUl^ 
and  thereby  fucititating  the  conibin&tion  of  the  iron  with  Ihcoxygwaf 
tbo  acid  (p,  G4I ,  X).  A  tiimilar  efleet  \e  produced  hy  the  electric  cnmal 
of  A  voltaic  battery,  if  ttic  iron  conveys  pthsitivc  electricity  into  the  nilw 
acid.  Oicidable  metals,  on  the  contmry,  such  as  copper,  deetrov  iW 
passive  Btate  of  ir&n:  for  while  they  take  up  the  oxygeo  of  tiio  Dttric'acii 
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tliey  conduct  ucgative  electricity  to  the  iron,  towards  whtcli,  tlierefwre, 
the  nitric  oxide  is  transferred;  and  tlius  coming  in  contact  witli  tlie  film 
of  oiidc,  decomposes  it  by  iLbstrapLing  iti^  oxygen.  Iruu  wliivh  is  highly 
passive — especially  that  whidi  Ijiss  Leen  ignited,  anii  is  therefore  coTered 
with  a  tliicK  filin  of  oxidiQ — is  capable  of  in  Jiiciug  tlie  passive  state  in  iron 
-n-liich  id  connected -n-itli  it, — acting  in  fact  like  platinum;  tt  is  true  that 
it  hereby  loses  a  portion  of  its  covering  of  aside,  juet  m  it  does  when  in 
cuntftct  witli  copjw;  but  since  this  coating  in  of  considerable  thicltnesa, 
the  other  iron  becomes  paaaive,  aooner  ihaii  that  which  is  alrenJy  passive 
can  be  rendered  nclive.  On  the  other  hand,  iron  leas  completely  puneivc 
becomcG  active  by  connection  with  iron  already  in  a  state  of  activity, — 
inasmnch  aa  it  loses  its  passive  character  before  tho  active  iron  hiwi  ac- 
quired a  coating  of  oxide  eutGcEcut  to  rendar  it  paeaive.  Dilute  nitrio 
add,  hydrochloric  acid,  all  acids,  in  short,  by  which  oxide  of  iron  ia  easily 
diaaidved,  destroy  tlvQ  jiastiive  atate  by  lemoriag  tho  oxide.  The  re- 
Liiarkablc  phenomena  of  puleation  must,  un  this  l;ypothe«'i:.s  be  attributed 
to  the  rapid  fortnation  and  subsei^uent  solution  of  the  film  of  oxide.  Kven 
if  complete  ejpltination  be  unattainable  at  present,  it  luiiy  yet  be  hoped 
that  this  mode  of  uxplanation — which  is  likewiso  applicable  to  tho  other 
passive  motals— will,  on  more  csact  invcetigation,  bo  found  to  enibrat^ 
the  whole;  of  the  fa.ct^  relating  to  the  pHSsivo  rondition  of  iron. — MgiiJ!«on 
attriliiiti^s  the  passivo  state  of  iron  to  a  covoring  of  nitrous  acid;  Wetilar 
and  Sehtinbciii  to  a  peculiar  elect To-dynatnic  condition  into  \vhich  thay  anp. 
pose  the  iron  to  be  broug-ht.] 

In  concentrated  nitric  acid,  iron  is  negative  towards  antimony,  bis- 
muth, copper,  and  silver, — poaitive  towards  gold  and  platinum.  (Feehner.) 
— In  nitric  acid  of  1  5  ap.  gr.  positive  electricity  piwses  at  tho  first  moment 
from  the  platinum  through  the  galvanometer  to  the  ironj  but  the  current 
soon  cca-ipy.  (Mouseoii.) — In  concentrated  nitric  acid  [possibly  not  tho 
strongest],  iron  is  positive  towards  lead,  and  in  vicdently  attacked, 
Towarda  copper  it  is  often  negative  at  firH;  but,  with  the  Burfdenly  cum- 
mendnjf  raiiid  solution  of  the  iron,  the  current  is  rever^yd,  (Uo  la 
Rive.)— Passive  iron  is  Dcgative  towards  !M:tivo  irvn,  copper,  and  silver. 
(Buff.) 

Active  iron  in  concentrated  nitric  acid  is  positive  for  the  StsI  instant 
towards  copper  and  silver,  but  soon  becomes  negative,  and  rentains  so. 
In  acid  of  ]'3  sp.  gr.,  fnitive  iron  is  at  first  positive  towards  ailver,  be- 
comes negative  for  a  few  seconds,  then  a^in  positive,  and  so  on  alter- 
nately eight  or  nine  timca,  til!  at  length  it  becomra  permanently  positive. 
Paefiive  iron  ia  negative  towarda  silver  in  acid  of  13  sp.  gr.;  but  the 
action  continually  diiuinishcs  in  energy,  and  finally  ceases  when  the  sur- 
face of  the  silver  hceomes  tarnished.  (Ftiraday.) 

Passive  iron  ia  feebly  positive  towarda  platinum  in  concentrated  nitiio 
acid.  (Schonbein.)  Active  iron  is  at  first  Btrongly  positive  towarda 
platinum  in  acid  ol  13  sp.  gr;  but  the  cnrrcnt  soon  ixaaes.  as  the  iron 
pikfisea  into  the  passive  state,  Faseive  iron,  therefore,  gives  no  current 
with  platinum,  even  when  liret  immersed  iu  the  add;  but  wheaevcr  the 
iron  la  moved,  a  momentary  carrent  is  eicited.  Steel  in  concentrated 
nitric  acid  remains  strongly  and  permanently  positive  towards  platinnm 
/or  fourteen  days,  but  is  not  attftcked  by  the  acid.  {Pfuff.) 

if  an  iron  wire  coated  with  peroxide  of  lead  (hy  preeipttation  from 
solution  of  acfitate  of  lead  in  the  voltaic  circuit)  be  connected,  through 
the  tnediurn  of  the  galvanometer,  with  an  active  iron  wire,  and  both 
wires  iuimersed  in  nitric  acid  of  I'S  ep.  gr.,  poaitivo  electricity  will  paas 
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— tbongt  for  a  ehort  time  onlj — from  the  coated  wirc^  throush  ihiD  gml- 
TUometer,  to  tEio  othvt  wire,  which  Ijgcuiugs  pusirc,  A  feeble  onmot 
probnl'Ly  coDtiiiuea  iu  Lho'  !samc  directioTi;  lh«  peroxide  gTBdanlly  d»- 
julvesj  nnd  as  suon  an  tli&  \ast  trave  gf  it  dwnppears,  the  iron  begins  iQ 
dissolve  also,  (Scliwbein,) 

Kickel  IB  pe^tive  witli  cnjtpar,  bisnintb,  cmd  Hrltimon^  iu  Blronf 
nitric  aciilj  with  silvet  it  ia  at  tiral  poaitivej  ihea,  ai  it  booQioM  oMchI, 
nefe^tiTe.  (FuraJay.) 

Copper  may  bo  readoroci  |m«siTO  in  tto  SBjne  manner  bjmialh,  M 
that  it  will  dlsaolyO  but  alowly  m  add.  It  iiamediately  become^  pOMlTO 
in  acLil  uf  l'.^  ap.  gr.;  in  acid  of  1'47  ip.  ^r.  it  is  At  first  violcatliy  kt- 
npun,  and  tljen  bocomos  pasBivo.  If  previously  connected  wilh  pIkUdu 
it  ftssumes  tlie  passive  crinclitiiin  irrnnediritoly,  nnd  retains  ita  lustre 
long;  ua  the  (iuntnct  leasts.  On  tho  reiiiovtil  of  tlio  pl&tinura,  the  copp*r 
beconien  covereil  with  a  hlBclt  film,  which  is  not  {rumplctolv  rPinov*i 
either  by  the  uctiun  of  the  acid,  or  by  renewDd  i^ontAet  n  ich  ptatiDtun.^ 
Iu  acid  of  1'4  sp.  err.  contnet  wiLk  pktiiniini  reatrninn  the  rupid  ftulatioo 
of  the  CQpp?r,  oud  imparts  n.  Ehiiiiag  surfiicQ  tu  it.  Wheu  the  plati- 
num \e  removed,  the  copper  b(?coinea  covcrud  wtth  idork  oxide,  which 
dieeolvL'^  elnwiv;  and  pensive  copper,  pos^i^sing  n,  bright  uietalJic  laving 
remaiae.  If  ttio  cupper  be  taken  out  of  the  iu;id  while  yot  oovored  with 
oxide,  the  acini  etill  adhering  to  it  rapidly  Jiusvlvcs  tlio  oxide,  leaving  lbs 
eepjwr  in  the  autive  ^tate,  (Andrews.) 

A  thin  copper  wlro  surrounded  with  platinum  wire  remains  bright 
etnilig  nitric  aciJ,  hut  dissolvea  ou  tlic  removal  of  the  platinuin-  If 
tka  CO'pp(^^  ami  platiiltltn  wires  ate  runneCtcd  with  the  gulvanopioter, 
dipped  into  the  acid,  u  few  bubt>li>s  uf  gas  inako  their  appeara-nce — «i  the 
boginninji;  only — ou  the  surface  of  the  copper,  and  a  etroo^r  current  i»  ex- 
cited; but  tli€  rapid  Balutionimnicdintcly  ccaees,  and  only  a  fo&lde,  tiiou^ 
constant,  cnrrent  rcnminA.  (Mouseon.) 

Copper  ia  iHwitire  towarde  biHiinuh  and  antlmany  in  Mriing  ai 
ncid.  (Kechuer) — It  ia  piieitivc  toward;^  lead,  nnd  ia  nt  linit  Tioloa 
Attacked,  nhihitin^,  therefore,  the  roveree  of  its  uctiuu  In  diluU) 
(Dt;  la  Ilivii.) — Tuwarda  platimmi  it  ia  highly  poj*itivi?  (the  dc»iM' 
Buiumita  to  I'ii"  in  nitric  add,  and  to  40  in  oil  of  vitriol),  (Ue  la  Itit-a.) 

Uold  givca  no  carreut  with  platinum  in  pure  nitric  add.  But  if 
go\d  contains  rop|H?r.  or  if  a  drop  uf  liydrochluric  add  or  eidutinn  of  co 
mon  «iit  U  lidded  to  the  nitric  acid,  chemical  action  takee  plnecr  upon  At 
ffi>ld,  and  th«t  met»l  hecomee  iJositiro,  (Bccquerel,  i>o  la  Uivn.)  OaM  il 
likcwipe  poeittve  loivards  phitinum  in  chlgrinc  water-  (Ritchie,  A'.  iFA  J, 
of  lie.  'i,  150.) — In  puro  nitric  aciil,  also,  ^old  la  feebly  positive  Uiiranb 
plutii^Din.  (Fechocr,  Marianlni.)  (As  Mariiinini's  experimpnt  wiu  tnula 
at  Vonicf,  the  fi«a  air  may  Imve  introduced  n  trutv  of  xlkaline  chloride 
into  iJic  acid.  Di-.  ta  Rive.) — Platinum  ^t\^»  a  current  with  rhodium  n 
nitric  arid,  only  on  the  addition  of  hydrochloric  acid,— the  platinan  ii 
then  (insitive.  (Dc  U  Rive,) 

Platinum  ia  ucgntive  towiirda  anthracite  iu  nitric  acid.  (Borcioervr ' 

Platinum  is  highly  poaitive  with  peroxide  of  maQg'niie»e  m  %X 
nitric  acid,  oiyic^n  gaa  being  evolved.  (De  la  Hire.)    It  in  atill 
hi|fliEy  po'^itive  in  nitric  acid  mixed  with  alcohol,  or  in  a  mlxtiiro  af  hy 
nitric  acid  with  an  equal  quantity  of  water;  in  the  la^t  case,  the  {lerckx 
of  nian^taueee  givea  np  osypeu  to  the  hyponitric  acid-  (Farivday,) 

Platinum  ia  jwKitivc  in  nitric  iicid  towanis  peroxido  of  Ifad,  whic^  •> 
(he  same  time  gradigally  disLppcara  (it  \&  likewieo  alowly  eolubte  in  ailliii 
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wjid  frhiu  alone);  aleo  with  red  lead.  (Da  la  Hivo,  Faraday,  Schoabein.) 
Yellow  cixiiJ«  of  lead  and  wliite  load,  on  tho  coatrary,  are  positiVp  tnwanls 
platinum,  boctaugQ  tbe^^'Io  iidt  give  up  any  oiygen,  (Farailay.) — Passive 
iron  abo  \s  fitrongly  puij-itivo  Uiwards  peroxide  tif  lead  in  concentrated 
nitric  aciJ.  With  peroxide  of  silver  ici  cwucflntrated  nitric  aeid,  plnCinuTU 
Ifl  Bomewbat  ninte  positive  thnn  witli  peroxide  of  lead;  jmd  (lie  latter  IB 
poeitive  towards  peroxide  of  silver,  because  the  luBt-montioncd  oxide  j^itm 
Bp  ita  oxygen  more  readily.  (Soh&nbein.) 

ElefitTiml  eorie!^  in  iiilrio  acid  of  1*48  sp.  gr.;  Cadmiura,  jtine,  lead, 
tin,  iron,  Vi^piutii,  copper,  aiitiinoay,  silver,  nickel.  (Faraday.) — ^I"  nitric 
acid  of  1 '5  sp.  gr. :  Passive  iron,  pUtinitm,  peroxide  of  load,  peroxide  of 
Bilver.  (ScLbnbpin.) — In  conoentrttt^d  aoid:  Titi,  xiae,  iron,  copper,  lead, 
mercury,  silver,  pcroTida  of  iron.  (Do  la  Rive.) 

Szperimmls  with  Aqrmm  .Solution  of  PotaeJi  or  Soda.  Pota.^iuni  or 
Godiuni  is  jroeitive  towards  einc  in  coneentrated  aolulion  of  potash.  (li. 
Davy. ) 

Anmlgainated  xiiio  neither  disaolvea  nor  euaees  any  evolution  of  gas 
m  solution  of  potash ;  tts  sma  a&  it  is  connocted  with  plaiinum,  Eiydrogen 
git^  is  evolved  ml  tLo  Eurf:ico  of  that  metal,  but  more  isluwly  thtin  in  dilute 
sulphuric  acid,  the  quantity  of  gas  heing  in  etoichioniotrimi  proportion  to 
that  of  the  zina  di^isolvcd  (32  3  part.^  of  7.ine  to  1  pujt  of  hydrogen). 
(Fiir.aflay.)- — When  Kino  is  left  for  SJO  hours  iu  a  solution  of  one  part  of 
hydrate  of  potash  in  4  parts  of  water,  the  weights  whk'li  it  lofvs  wlien 
alone,  wh«D  connected  w>th  pifttinum,  and  when  couiiert*-d  with  iron,  nn 
AS  1  :  L 1  :  1 48.  Hence,  iron  exerte  the  atrobgieat  action ;  aitd  tho  qiiantity 
of  hydrogen  gna  evolved  at  its  ■urfa.r^e  is  abutidunt  in  proportion.  (Rnnge, 
Po^.  ]  0,  l'j9.) — Zitfc  gives  in  sulntion  of  potash  a  tnoro  powerful  current 
with  iron,  than  with  copper,  eilver,  or  platinam.  (Poff^ndorff.) 

Bianiuth  nnd  antimony  in  caustic  potash  are  positive  towards  nickel 
(FiYraday.) — Tin  poflitivc  towards  iron  in  raustie  potfltth  or  lime-water. 
(J.  Davy. )— Polish od  lead  iH  positive  towartls  iron  in  caustic  potash  or 
lime-water;  tarniehpd  lead  nepnlive.  (Yorke.) — Tin  and  iron  aro  positive 
toward?  copper  in  solution  of  pc>ta.H]i.  Iron  joined  with  platinum  iti  solu- 
tion of  potash  produt^cn  n»  current,  and  remains  as  hn^ht  aa  if  it  were 
placed  alone  in  the  li(|nid;  it  merclv  beconiea  oxidatetl  at  tho  end  which 
projects  out  of  the  li'iatd.  (Do  la  liivp.) — Iron  in  cini»tic  potash  ib  lirst 
positive  tuwardvH  copper,  aftenvarils  ii(_'jffli.livc;  with  pbtinuw  it  ij- positive, — 
more  strongly,  in  proportion  aa  the  pl.Ttiiniia  is  immersed  for  a  lunger  time 
before  the  iron, — le?s  strongly,  in  proportion  aa  the  iron  is  tminersed  alone 
fora  lopger  time.  (Feuliner.) — Iron  or  nickel  gives  with  platinum,  in  con- 
centrated BoluOun  of  potft^h,  a  very  feehlo  current,  which  soon  dimiuifhes, 
the  platinum  being  tho  negative  metal.  In  a  dilute  Solution,  the  current 
is  likewise  very  foclile,  hut  cootinuos  for  a  longer  time,  (Faraday.) 

Wtth  jilver  ami  platinum  the  current  ia  Bcarcely  perceptible  in  a  con- 
centrated Bidutitm,  aTtil  absolutplv  nothing  in  a  dilute  solution.  (Faraday.) 
— Silver  given  no  ouirent  with  platiunin  in  alkaline  liquids.  (De  la  Rive.) 
— When  copper  is  connected  witFi  iiilver  or  platinum  in  strong  solution  of 
soila— the  latter  boing  immersed  first — the  copper  h  etrongly  negntivc  at 
the  hcfinning  of  the  action,  but  soon  hecom«  poaitive.  Silver  exliihit-i  t, 
eimilar  action  with  platinum — whereae,  in  a  ddiito  eolation  of  soda,  it  ia 
positive  from  the  begirniin";.  (Walckcr.>^Q"id  with  platinum  in  eolutiun. 
of  potftwh  {-onlinuea  positive  for  several  duye-  (Pfaff.) 

Phtiuum  ie  positive  with  peroxide  of  mangsBose  in  soiutiou  of  potw^ 
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(De  la  Rive,  Faraday);  more  atromgly  oa  tie  addition  of  alcohol  (whid 
exerts  a  deoxidizing  action  ou  ibe  peroxide  of  maiigaaese).  faradaif. 

Arsenic  is  atruiigly  potiitivQ  toward^  iron  \n  fused  bjdrate  of  potaek 
(tlie  contmry  in  acids).  De  (a  Jiivf, 

ElGctriral  serli^s  in  atfuenus  solution  of  pot^b  or  Eod^;  Tbe  alkili- 
mct:tla  aad  tlieir  unnalgam^,  zinc,  tin,  lend,  copper,  iron,  siWer,  paJlwUviB, 
gold,  platinum.  (H.  Davy.) — In  solutioQ  of  potash,  eiltor  etroae  vr  vmIc: 
Zitic,  tin,  cadiiiiuui,  atitimotiy,  lead,  bititnutb,  uon,  copper,  nickel,  »iU«t. 
(Faraday.)— In  solution  of  potash  or  soda  of  sp.  et.  1  33 :  Tin,  Einc, 
mo&y,  lead,  Copper,  gold,  pkttnum,  bismutli,  ateel,  aitvor.  (Pfaff.) 


Experiment*  with  AmJiionia.  Steel  becomes  passtvo  in  a  somewbat 
dilute  solution  of  ammouiti,  but  not  for  bo  long  a  time  as  in  nitrate  of 
silver.  (VVctzlar.)  [The  existence  of  this  paaaive  condition  is  inferrol  by 
Wetzlar  from  liia  having  observed  that  the  bar  of  iron  wlien  taken  out  of 
the  iimmouia  and  dipped  into  a  solutiou  of  sulpli&te  of  copper,  doc«  not 
begin  to  precipitate  tlio  copper  till  it  lias  been  Inimcrsod  for  obntit  i. 
minute.  But  the  ammonia  istill  adheriug  to  tbe  iron  causes  H  to  be  em^ 
rounded  vfith  precipitated  oxide  of  copper,  and.  tLis  prevents  tbe  acttcs 
for  ft  time.] 

Zinc  ie  pOQitivo  towards  tin  and  copper;  tin  and  iron  negative  to  cop- 
per. (De  la  Rive,) 

Tin  is  positive  towards  copper  itt  the  first  moment,  b«t  gmdually  be- 
comes ne^tive.  (Fechner  asserts  the  contrary.)  Tho  snme  relation  il 
exhibited  hy  iron  towards  copper,— excepting  thnt  iti  this  cose  tbe  reverb 
of  the  current  takea  pkce  in  a  (ew  seconds.  (Mni-iaoiDi.)  This  ohao^  ti 
direction  ia  attributed  by  Martaiiini  to  the  diS'erent  degrees  of  altentiin 
which  ammonia  produces  in  the  surfaces  of  ditl'erent  uietab :  it  makeg  tin 
more  Btron^ty  negative  thtin  copper; — for,  when  two  plates  of  tin  are  »b*- 
ccsaively  iminersud  in  it,  tbe  one  which  is  first  immersed  exhibits  tovaHi 
the  other  a  stronger  negative  reaction  than  a  copper  plate,  under  aimiltf 
circumalunce^,  would  exhibit  towards  atiuthor  cdrppcr  plate.  Moreover,  if 
the  copper  plate  immersed  five  niiniites  after  the  tin  plate,  the  tia  *tiB 
nppcara  positive  at  the  beginning,  but  less  strongly  than  when  both  nirtlb 
are  imniert^ed  at  the  same  time.  Lnfitly,  if  the  two  metals  are  sep*raielr 
innmcrsed  in  ammonia  for  ten  minutes,  and  then  dipped  into  diluto  mm 
or  a  solutioQ  of  ea,\t,  the  copper  etill  reinaius  oostantly  positive  iowuJi 
the  tiu. 

Platinum  in  ammonia  ie  alrongly  negative  towards  peroxide  of  nuup- 
nes^, — a  yi>]low  eubstance,  probably  tho  hydrate  of  a  lowec  oxidor  ^''^ 
formed  at  the  same  time.  (Do  la  Rive.) 

Electrical  ecrieg  >n  Aqueous  ammoma  of  ep.  gt.  0'95  :  Zine,  kio,  ImI 
ailvOr,  copper.  (Pfaff, ) 

Mxperimenti  with  Aqueom  S6htti(ms  of  All-aline  SalU,  In  n  KOntMS 
of  common  salt,  zinc  gives  ti  stroHj^et  durrent  with  iron,  tban  witb  ooppVt 
silver,  or  pktinuTii.  (^oggcndurff.) — Zinc,  tin,  and  iron  protect  ooppvriB 
■eo-wbter  perfectly.  (Van  Beek.) 

Iron  placed  hy  itself  in  eea-water  is  strongly  attacked;  th«  ^imW 
the  dopth,  however,  the  less  is  the  cnrroEion,  because  the  oxyg«»a  of  tW 
air  hoi)  less  aecesa.  If  pieces  of  zinc  are  attached  to  the  iron  hmakl 
tliero,  the  iron  is  compUitely  protected,  and  tbe  zinc  ia  nut  nearlv  so  muk 
corroded  as  tbe  iron  was  boferc.  Zine  likewise  protecis  the  iron  M  ml 
a«  tho  tin  of  tin-plalo,  im  Hca-water  .  (E,  Davy.) — CopptT,  on  the  ooataiji; 
iff  not  c{jja|»lotely  protwto'l  iu  wa-water  containing  mir.  (J.  DmT^-l 
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Zinc  ccunpletely  protects  iron  in  aea-water,  the  iron  becoming  covered 
witli  marine  plants;  but  the  rinc  is  quickly  corroded,  fGrant,  X  pr. 
Chevi.  7,  "290.) — [Prote<:tioii  ot  cast-iron  in  sra-water  by  means  of  a  coat- 
ing of  pulverized  kIhc,  (Mallet,  J.  pr.  Cfiem.  22,  352. 

If  tlio  U-tube  {'-tpp-  4)  coDtflina  &  solution  of  common  anlt,  nitre, 
Glniiber'a  aalt,  or  aulplialG  of  magnesia, — zinc,  tin,  op  leaf)  Win^  Inmi^i^ed 
in  one  arm,  and  coppor  or  [datiniim  in  the  otber,  o.nd  the  two  metals  boin^ 
connected  by  the  galvanometer, — the  current  dimiuiehe^  after  eohio  time, 
but  may  be  renewed  by  introducing  a  little  acid  into  tlio  vessel  oonbiia- 
ing  the  copper  or  platiiniiii;  whereas  the  aeid^  if  put  into  tlio  nnn  ecm- 
taining  the  zinCf  proilucea  no  current,  although  it  ciidsoa  a  brisk  diaen- 
gagemcnt  of  ^as  from  the  sine.  (TLosenachbld.)  [The  ojtygen  of  the  water 
and  tho  acid  of  tbe  salt  arc  trunsferrcd  to  the  zinv.  the  liydrugen  of  tha 
TTutcr  und  the  base  of  the  ^a.\l  to  the  copper.  The  layer  of  the  buse  thus 
accuiiiulatiug  on  the  copper  prevents  the  portions  of  baae  afterwar^ls  scpa- 
rstcl  from  eoming  in  contact  witli  the  copper,  and  tliorehy  recoivin^ 
negative  electricity  from  it.  An  acid  ailded  to  the  tiijuid  satumtqg  the 
oepiiratfid  base,  and  facilitates  the  access  of  the  portions  afterwards  eepo- 
jated.] 

\      If  water  containing  catbonftte  of  lime,  held  in  solution  by  cxceas  of 
carbonic  acid,  be  placed  in  contact  with  zinc  and  copper,  tho  whole  of  the 
carhoTiat*-  of  lime  is  deposited  on  the  copper.    When  water  of  thia  nature 
flowfi:  through  leaden  pipes,  tho  carbonate  of  linis  is  deposited  at  the 
joints  (wliit'lt  arc  soldered  with  aii  alloy  of  tin  and  lead),  on  the  brasa 
cocks,  and  on  any  piece  of  iron  or  ailvcr  that  may  have  been  introduced, 
^■thereby  proiliicing  stoppage.    To  prevent  this  accident,  lateral  tubes  ant 
^Badapteil  to  the  niain  pijie  at  intervals  varying  from  twenty  to  thirty 
P^feei,  and  furnished  with  plugs  of  copper  or  tin,  or  »till  better  of  cast-iron^ 
— anil  by  tneana  of  these,  the  calctireoiia  deposit  is  from  time  to  time 
removed.  (Dumas,  Ajih.  Chm-  Pfifju.  33,  2lj(.i,) 

A  long  copper  iviro  19  completely  protected  from  the  action  of  aea- 
watcr  by  a  abort  s,ioc  wire,  the  Imtcr  he'in^  ([uickly  corroiled.— If  the 
copper  and  liiic  are  not  in  immediate  contact,  hut  separateil  outside  the 
water  bv"  it"  extremely  thin  film  of  mica,  or  a  sheet  of  common  dry  paper, 
^kiho  copper  is  nut  proteeted;  but  if  they  are  kept  apart  by  a  sheet  of  thin 
^B.«ilver  paper,  the  protecting  action  is  exerted. 

When  the  heuda  of  a  long  copper  wire  are  immersed  in  oiglit  vossola 
filled  with  sen-water^  and  connccteil  by  ropes  (saturated  with  the  same 
I       water — the  copper  in  the  first  veagel  being  placed  in  contact  with  zinc, — the 
copper  in  all  the  veagcls  ia  protected,  if  the  ropes  aro  0'5  inch  tliiek;  but 
if  their  thickness  ia  only  01  iuub,  tbo  protection  extends  only  to  the  third 
I      vessel.    After  sonic  time,  the  copper  in  the  first  veaael  becomea  covered, 
,      partly  with  metallic  zinc,  partly,  on  the  lower  Burfaco,  with  crystallixed 
carbonate  of  soda  and  carbonnto  of  liinc, — that  in  the  second  vessel  with 
fine  crystals  of  ciirbonate  of  lime  and  a  email  quantity  of  carbonate  of 
r      Bodo, — that  in  the  third  ronminff  clean, — thnt  in  tlio  fourth  is  somewhat 
1       attacked,  but  remains  bright, — and  the  portions  i[i  the  remaintnjr  veasela' 

appear  more  and  more  corroded  and  coveretl  with  verdigris.  {IL  Dnvy.) 
^P        When  a  plato  of  tinned  iron  is  iiumeraed  iu  sea- water,  the  iron  oxiJizea 
r      while  the  tin  remains  intact.    (E.  Davy.) — Steel  and  tin  nnder^^o  no 
wlteration  in  boiling  fica-wat«r;  but  in  cold  sea-water  containiiig- air  steel 
I       lieconies  rusty  (though  not  more  so  than  under  ordinary  circiimatances), 
I       wbde  tin  Connected  with  it  remains  nnaitered.    In  .sea-water  which  hp- 
been  well  boiled,  and  then  cooled,  steel  does  nut  rust  if  access  of  air 
prevented^  Houco  the  mating  'is  due  to  tltg  oxygen  of  the  air.  (J.  Dai 
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(llUicn,  Amu.  0U«.  >^  Tt>  3S9L) 

If  CM«  in*  kwa  1  put  «f  iu  w«i^  wWa  w  I  aleM  b 

to  ■■«,  m4  wkk  ■■  dfv  af  I  At  daa  a«i  7  At.  eomr,  |-5  ik 
««ffto.  (lUkt) 

Caff«r  liMiliLi  la  ■■■■■■  anhtfiw  hraitiMli  of  m4»;  b« 
aaitwi  wA  H  wwiiai  kMl.  (Watriu). 

li  atlvar  ba   I  la  aac  am  of  a  U-taba  (Afm,  «)     i  mfiiM 

Mlatiaa  of  VDaoa  nU.  aad  obtnu  in  the  ocher,  tIi— hihpilml  lijimJ 
■afca  Umit  app— laaaa  ia  a  lav  BoMka,  fceiaf  rhit»  at  int,  Umb  «Mk 
*«arfaltannr*Uae;  tkey  da  oot  chaue  n  nler.  (Bae^aanL) 

Platmaa         a»  «Bmn4  witli  leUnriaai.  yUaJtaai,  or  rfco^l  ii 

(H.  iKr^  )  ^ 
fMafmiim  M  pofitiTe  towards  utliracite  in  Bolqtroas  of  wiliitafct  ■ 

elil'iri<liti)  (FtiMf)a»nl.) 

KWtri'-tt)  aeriiFa  in  solution      oomiDon  «a]t:  Ziao,  It«J, 
antimony,  tfi«mu.tli,  vc^pper,  eilvor,  g^W,  f^stiimm,  (Feobner.) 

h'rpmment*  vitK  A^iutou*  JSoiution$  qf  fA<  Jfeary  JifttaUie 
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nftcn  happeus  tliat  one  metal  previpitatea  nnotlmr  from  its  aolution  in  anil 
,     or  B.lk&li,  tlio  former  taMug  oxygeu  from  tLc  latter^  and  diijeolving  in  the 
I     state  of  osido  m  tlie  acid  or  ulknli.  (Sr/t.  18.)  Thit  actimi  is  at  first  purely 
cLcmuiivI;  ljut  as  so  cm  aa  a  smull  ijuautity  itf  the  aecond  mcLal  bis  bL-CQ 
precipitaltiil  on  tbe  firet^  eSeclru-cbuinic-al  tutioii  eeta  iu.  Tb«  precipitating 
me'tui — wbich  of  courae  poHseeaes  tEio  greater  alliuity  for  nxyj^sa — h  the 
positive,  and  the  precipitated  motal  tliG  ncgativo  clcDiriit  ot  the  circuit, 
la  ci>ueec|ueuco  of  tbii>  i»:tioa,  tliic  further  dt!pOBitiou  of  tbo  Becuiid  iiielal 
takea  plsce  on  tho  ulruudy  proci])itatttl  {lortiuii  of  tbat  iiietal;  and  thiia 
cryatalliHe  vegetation  or  MsitiUic  Trees  (p.  130)  aro  prodaoed,  the 
'     uc^live  metal  being  ultimately  d^iposited  at  a  considerable  distance  from 
I     tho  positive  one. 

I  If  a  piece  wf  iron  wrapped  ap  in  Madder,  eilk,  or  paper,  bo  immersed 

in  a  (solution  of  blue  vitriol,  uuly  a  small  quuntity  of  copper  will  be 
deposited  inside  the  eiive'tope,  tbe  grera.tBr  part— -posseisMng  tlio  lueLiillia 
luatre — ixilleotiug  on  the  outside.  (Mulder,  J?r.  ArcAiv.  22,  291;  comp. 
Biachof,  Schta.  3S,  119.) — When  a  solution  uf  acoUte  of  lead  ia  decom- 
j  posed  by  F<uep(jiiding  a  bar  of  ziuc  withiu  it,  the  lii|uid  in  tbo  neighliour^ 
hood  of  tbe  xiuc  booq  becomes  free  from  lead — wbilfrt  tbat  at  the  lower  cod 
of  the  growin;;  lead-tree  fitill  oontaino  lead  in  i^uhition.  (Rose,  Pfafi'.] — A 
piece  of  th«  lead-tree  which  may  chance  to  fall  oB',  u;radually  digsiilvea  atui 
la  again  prei^iphated  on  tlie  zino.  Dtreot  expt;rimeDt»i  show  that  loatl 
(when  access  of  air  is  aUciwe«l}  di&soWea  in  a  saturated  eoliatioii  of 
chloride,  nitrate,  or  acctato  of  sine,  a  bauic  salt  b^ing  probably  furiucsd  at, 
I      tbe  «ame  time.  (Fischer, 4,  291.) 

£inc  and  Tin  .Salt«. — Z'mti  jiroducea  a  atfong  current  wiUi  copper  in 
I      fiolution  of Gulpliute  offline,  although  tbe  i§ulpburio  acid  may  ha  already 
saturated  with  ainc — and  therefore  no  chemical  autiun  can  UiWq  place. 
(I'fatI,] — Zine  however  eaueea  au  evolution  of  hydri>^en  gas  wLea  plaL'od 
I      by  itwif  in  solution  of  sulphate  of  bjiic  [because  a  hanic  salt  is  produced]. 
I       (4.  Davy,) — Zjug  ia  deposited  on  copper  placed  iti  contact  with  tiac  in 
suluLioii  of  sulphate  of  Kine.   (Grotthu^is.)— Zinc,  in  the  eotatioa  of  its 
£ulphato,  produceiS  a  Tiintli  foobler  current  witb  iron  than  with  Copper  or 
platinum.  (Pogj^eodurQ'.) — Iu  a  t>Atamt«d  Hr>lulion  of  sulphate  of  zine  or 
^Hfii^tucliloride  o/  tin,  steel  wire  producifs  a  feCble  current  with  (silver,  the 
^^Ktcel  i>ein<r  positive; — Qo  carceat  with  platiuum.  (J.  I^avy.)    Since  iiteel 
gives  no  current  with  platinuii),  J.  Lavy  coucludet^  that  the  eleetrio 
current  is  not  produced  by  chemical  action.    [I  hare  found  that  titeel  wire 
jiroduces  with  platinum  about  the  same  deflection  aa  with  Bilcer.  both  in 
^^.jperfectly  neutral  i^ulpbate  of  i'mc  and  perfectly  neutral  protochloride  uftiri.] 
Lfa<l  Aiiu.    Active  iroti  doe^  nut  precipitate  nitrate  of  lead,  but 
bflcomoB  passive  in  it.  (Kcir,) — From  a  soluliun  of  aectale  of  IoewI,  the 
i      lead  is  deposited  uu  lead,  silver,  or  gold,,  when  tbcae  uietaJa  are  plaucJ  in 
oentaet  with  nine,  tin.  or  iruu. 

Vtijiper  Halla.    Cupper  in  deposit«d  from  n  Boliition  of  its  sulphate,  9a 
^Kfiilvicr,  guld,  or  platiiiuui  pliLeed  iu  uuutai;!  with  xinc,  tia,  lead,  iioo,  or — 
oueordiDfi;  to  Qrotthu.?ii  — even  with  copper. 

If  an  aoifll^aniated  copper  wire  bu  made  to  dip  Ento  mercury,  the 
eurfaflc  of  which  ia  covered  with  tiolutioa  of  sulphate  of  eoppur,  aud  a 
piece  of  amalganLated  xiuc  made  to  dip  into  the  copper  liolutiou,  then — on 
oennecting  (he  two  Enetale  with  the  galviLtiometer — the  Kiuc  ia  fcmnd  to  bo 
etrougly  and  pernianeutly  positive,  and  tbe  nieruury  becomes  siilurnteil 
with  copper.  (Grove. )  f^Oxygeu  from  the  oxide  of  copper  is  tnusforivd 
wilb  tbe  acid  to  tlio  uac,  and  copper  to  the  mercury,] 
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•—Iron  in  cmiiojet  witlt  tin  in  ect^vater  ta  negative  at  Snt,  but  bccoaHl 
poeittVG  flJLtr  ii  few  minutes.    It  oxidates  more  <juickly  lu 
when  in  contact  with  tin  tli&n  whon  alone,  ftml  the  tin  rcinatne  Lrif^h 
whorcns,  wKcn  placed  alone  in  Bea-watcr  its  aurfaco  Lecumcs  taruUli 
(Van  Heck.) — A  piato  of  iron,  which,  when  immersed  aloDO  in  sea-wa* 
loees  If^l  grainfi,  Iqbhh  exactly  333  gmins  whon  ])la(«d  in  contort  with 
under  the  eame  circiinistaaecj,  wbiJo  the  tin        uuly  5  grains.  (Mul 
— Cadt-iron  uuHer»  greater  tuB9  in  se:t-wat<Qr  viheu  cuoaecbed  with  tin  thu 
when  in  contat-t  with  copper.  (Mn-Uct.) 

F-ulifihed  lead  \»  po^itivo  ti'wsrds  iron  aud  copper  in  a  mlalion  of 
nitre,  hut  lead  HaperticiiLlly  osidated  is  nogatirc.  ( Yorfce.) — Lead  ia  mAa- 
tioQ  tjf  gal-amtuouiiLc  la  at  Grat  positive  tutvanU  iron,  but  tlis  oumnt  il 
BooiL  reversed.  (Wel/diir.) — In  sohition  of  snl-animoniac,  imn  ie  pocUin 
towiirds  tin,  and  copper  toivards  bismuth.  LlwI  with  iron  is  first  pomdrt. 
then  begativo. — tu  gnltition  of  coiiimou  sjJt,  hi.sntuth  is  firGt  jHwitivt 
towanla  Copper,  afterward*  negative.  (Keelvncr.) 

The  corroaion  of  the  copper  Mhcftthiiiig'  of  shipe  may  be  tliriitni«)i»d  hj 
iMtening  to  it  at  *evepal  points  pieces  of  cast  or  wroiight-iron,  caJl^fd  iW- 
tecfai-s.  A  plate  of  copper  on  a  ling-ship — which,  when  nnprot 
loses  d^a.*  grains  in  twelve  hour» — loses  H'S  grains  wlien  fumi«hed  wifi 
oa£t-irou  protectors,  whoao  eurfaco  ia  equaJ  to  of  that  of  the  copr 
^d  2  grains  when  the  aurfuce  of  the  protectors  amounta  to 
own.  Part  of  tbiB  lose  arieea  from  mertianical  attrition.  Shipa  fiirni*hfl4 
witli  protectors  of  east-iron,  whose  fiurfaco  was  from  to  ^  of  that  of 
ilio  copper,  returned  from  their  voyage  with  mueh  less  loss  of  copper  tliu 
Mrben  unprotected.  Tho  sheathiug  ■was  fiomcliaied  (|uite  clean,  Btimetiniai 
covered  wttfa  mrbonato  of  time,  niarine  plante,  ehelld,  i»LC, — espccijillv 
the  neighbourhood  of  the  protectors,  whore  a  largo  ijuautity  of  oJiiJr 
iron  WHS  dopojaitcil,  n.iid  on  tho  noils,  whit;])  oonsist^d  of  ivn  alloy  of  cup] 
Knd  (in — thia  alloy  being  Tnunrh  uiOro  hi;;hly  ck'ptro-nc;{atir«  ttiou  eop" 
This  dcpu«itiuii  on  the  copper  sheathltijir  is  priiu  ipaJly  formed  wbile  I 
Bliips  aro  ill  harbour.  Tbe  surface  of  the  ptotecturH  mdst,  therefore,  bt 
BDCD  oxti^iit  iifi  not  c'irapletely  to  protect  the  coppor.  (H.  Davy,) — In 
water  eontaiiiiii^  sulphuretted  hydrogen,  protectors  of  lino  may  bo 
(Uaniell,  Ann.  Chim.  PAt/s.  7K,  33.1.) 

If  cast  iron  lim'»  1  part  of  its  wei^^lit  when  itnmer.'^ed  aIoiu)  ib  •(*■ 
wnti'r,  lis  lo^a  when  in  contact  with  cojipor  will  aiiionnt  in  tiK*  aama  tioia 
to  i'i,  and  with  an  alloy  of  I  At.  Rinu  and  7  At.  eopper.  tu  1-5  of  iti 
woi^'ht.  (Mallut.) 

Copper  disi^otves  in  a^nentis  Hulutiou  of  bioarbouate  bf  sod^; 
uuitcd  with  it  remains  liright.  (Wetslur). 

if  uiWut  he  iuimeraod  in  one  ami  of  a  U-tube  iApp.  4)  coni 
Bulutiuu  ofoominon  aa\t,  and  platinum  iu  the  other,  rhonihohedral  cl 
iiiiike  their  appcamnce  in  a  few  months,  being  white  nt  tirat.  then  tmU^ 
and  ftfterwards  hlue;  tbey  do  not  change  in  water.  (Beo^juere].) 

I'lutinuui  gives  no  current  with  tellurium,  paJladinmi ,  or  rbcMliuai  ift 
a  volutirpn  pf  common  salt,  becutise  no  ohemical  action  lak»  pbe^ 
{H.  Davy.) 

Platiiiiini  is  poiintivo  towards  anthracite  in  Bolutions  of  volphatei  OF 
ohlondea.  (Itcwjiierel.) 

Electrical  series  in  solntlou  of  cornnion  8alt;  S!ino,  Icaid,  tin,  * 
Biitituotij,  biftmulli,  copper,  silver,  gold,  platinum.  (Fechncr.) 
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often  happens  that  one  metal  preoipitates  another  from  its  solation  in  acid 
or  alkali,  the  former  taking  oxygen  from  the  latter,  and  dissolring  in  the 
state  of  oxide  in  the  acid  or  alkali.  {Sch.  18.)  The  action  is  at  first  purely 
obemical;  but  as  soon  as  a  small  quantity  of  the  second  metal  has  been 
precipitated  on  the  firsts  eleotnMibemioal  action  sets  in.  Tbepreoipitating 
metal — which  of  course  possesses  the  greater  affinity  for  ozvgen — ie  the 
pontire,  and  the  precipitated  metal  the  negatiye  element  of  the  circuit. 
In  consequence  of  this  action,  the  further  deposition  of  the  second  metal 
takes  place  on  the  already  precipitated  portion  of  that  metal;  and  thus 
crystalline  vegetation  or  M«taUic  Trees  (p.  136)  are  produced,  tiie 
negative  metal  being  ultimately  deposited  at  a  oonsidstable  distance  from 
the  positive  one. 

If  a  piece  of  iron  wrapped  up  in  bladder,  silk,  or  paper,  be  immersed 
in  a  solution  of  blue  vitriol,  only  a  small  quantity  of  copper  will  be 
deposited  inside  the  envelope,  the  greater  part — ^possessing  tiie  metallic 
lustre — collecting  on  the  outside.  (Mulder,  Anhiv.  22,  291;  comp. 
Bischof,  Sckw.  86,  119.) — When  a  solution  of  acetate  of  lead  is  decom- 

Eosed  by  suspending  a  bar  of  zino  within  it,  the  liquid  in  the  neighbour- 
ood  of  tbe  zinc  soon  becomes  free  from  lead — whilst  that  at  the  lower  end 
of  the  growing  lead-tree  still  contains  lead  in  solution.  (Rose,  Pfaff.) — A 
piece  of  the  lead-tree  which  may  chance  to  fall  off,  gradually  dissolves  and 
IS  again  precipitated  on  the  zino.  Direct  experiments  show  that  lead 
(when  access  of  air  is  allowed)  dissolves  in  a  saturated  solution  of 
chloride,  nitrate,  or  acetate  of  zinc,  a  basic  salt  being  probably  fonuod  wt 
the  same  time.  (Fischer,  Pogg.  4,  291.) 

Zinc  and  Tin  Salts. — Zinc  produces  a  strong  current  with  copper  in 
fiolutioD  of  sulphate  of  zinc,  although  the  sulphuric  acid  may  be  already 
saturated  with  zinc — and  there&re  no  chemical  action  can  take  place. 
(P£Lff.) — Zinc  however  woses  an  evolution  of  hydrogen  gas  when  placed 
DT  itself  in  solation  of  sulphate  of  sine  [because  a  basic  salt  is  proouced]. 
(J.  Davy.) — Zino  is  deposited  on  copper  placed  in  oontaot  with  lino  m 
solution  of  sulphate  ot  zinc.  (GrotUiass.) — Zinc,  in  the  solution  of  its 
sulphate,  produces  a  much  feebler  current  with  iron  than  with  copper  or 
platinum.  (Poggendorff.) — In  a  saturated  solution  of  vulphate  «F  zinc  or 
protochloridti  of  tin,  steel  wire  produces  a  feeble  current  with  silver,  the 
steel  being  positive; — no  current  with  platinum.  (J.  Davy.)  Since  steel 
gives  no  current  with  platinum,  J,  Davy  concludes  that  the  electric 
current  is  not  produced  by  chemical  action.  [1  have  found  that  steel  wire 
produces  with  platinum  about  the  same  deflection  as  with  silver,  both  in 
perfectly  neutral  sulphate  of  zinc  and  perfectly  neutral  protochloride  of  tin.] 
Lead  Salts.  Active  iron  does  not  precipitate  nitrate  of  lead,  but 
becomes  passive  in  it.  (Keir.)— From  a  solution  of  acetate  of  lead,  tbe 
lud  is  deposited  on  lead,  silver,  or  gold,  when  tiiese  metals  are  placed  in 
contact  with  zinc,  tin,  or  iron. 

Copper  Salts.  Copper  is  deposited  from  a  solution  of  its  sulphate,  on 
silver,  gold,  or  platinum  placed  iu  contact  with  zinc,  tin,  lead,  iron,  or — 
according  to  Grotthoss— even  with  copper. 

If  an  amalgamated  copper  wire  be  made  to  dip  into  meroory,  tbe 
anrfoce  of  whi<£  is  ooveiMwitb  solation  of  sulphate  oi  copper,  and  a 
piece  of  amalgamated  zinc  made  to  dip  into  the  copper  solation,  then — on 
connecting  the  two  metals  with  the  f^vanometer — the  zinc  is  found  to  be 
strongly  and  permanently  positive,  and  the  mercury  becomes  saturated 
with  copper.  (Grove.  ^  [Oxvgen  from  the  oxide  of  copper  is  transferred 
with  the  acid  to  the  un^  and  copper  to  the  nuronry.] 
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In  a  concentrated  solulioti  of  aulpliat^  of  eopper,  tin  tui  Imb  w 
positive  towBj^s  lead  j  biemuth  and  copper  nearly  nentr&liio  one  uutbr 

Sulphate  of  eopper  and  potasli  is  not  reduced  by  iron,  except  wliwi  li* 
iron  is  connected  witli  silver.  Dilute  solution  of  nitrate  of  coppfr 
tcred  iu  singlo  dropa  upon  a  ckan  rod  c>f  iron  proiluces  a  deposit  uf  copfe 
at  every  point  of  contact;  but  if  the  solutiou  h  ct-nt-rntratej.  uii\y  a  ft-w  li 
tbe  dropa  produce  an  immediate  d«]ju^ilioD,  otLors  In  a  fi'w  intnnte, 
otbera  agJiia  hot  for  some  bours,  and  others  tiot  at  all.  The  pr^cipiutwo 
may  however  be  brouglit  about  eilhcr  by  ivaniiiug  the  drops,  or 
mixing  A  non-precipitating  drop  with  one  in  wtili-b  precipitAtion  u  saiof 
on.  (WctElfLr.) 

ActivQ  iron  ie  positive  towards  platmum  in  Bolulion  of  sqI^W 
copper,  nnd  caaaea  deposition  of  copper  un  it.    Iiv>n  rendered  fuetn 
byignititen  decompoaea  solphatG  of  cupper;  iron  made  j>a^ive  by  (utR 
acid  dues  not  (nciitiier  docs  it  deeuntpu&e  nitnite  uf  t^rjpiHT,  exe<*pl  vba 

Enlaced  in  contact  with  mctalLic  C'Opp^r.  NerscM);  tbe  latt-cr 
lut  a  very  feeble  current  with  plntinmn,  towartls  wbick  it  is  pwitii*, 
Iron  rendered  passive  by  nitric  atid  becomes  coated  with  cojijMir,  tiai* 
rendered  active  by  immersing  it  in  sulphate  af  copper  in  couia*t  "itii 
line,  cudmiuni,  tin,  active  iron,  or  copper, — wfac^'caa  oontact  wiUi  pb- 
tiuum,  gold,  or  silver  produces  no  effect.  (Scbonbeia.) 

Steel  wire  rendered  passive  in  .inimunia  or  solution  of  Dttrate  «f  ulnr 
aoon  LecomeB  a<-tive  in  j^ulpbate  of  copjjcr,  covering  itAelf  witli  tvppsf  «■ 
a  minute  ;  the  latter  rcniiiiu^  WijL:ht  fur  &  d&y  in  coboentrHtcl  and  ma^ 
wliAt  ntid  nitr&te  of  copper,  but  instantly  acquires  a  coating;  of  rn|it«f 
when  touched  vr'ah  iictive  Iron,  (*r  with  zinc,  tin,  or  load.  If  the  iwn  im 
Keen  washed  with  water,  itftcr  immersion  in  the  silver  solution,  ibcdrjusiiiia 
of  coppcrtakcd  [ilnco  much  more  (piickly.  Wlicn  an  iictivo  and  \x  piwi™ 
iron  wire  connected  hy  the  ^ralvaiiunieti<r  lire  dippt'd  into  an  neid  b«jIiii>«s 
of  nitrnte  of  copper,  a  t^tronj;  rtell  tret  ion  of  tbe  nerdhe  is  produced,  &dJ  tb 
[Hissive  iron  becomes  coated  with  copper.  (Wetilar.) 

Id  a  mixture  of  equal  partts  of  concentrated  solutioti  of  salnbali 
of  copper  and  funtin^  nitric  iidd,  a  bar  of  active  Iroti  rcniaio«  fvnttlij 
bright.  But  if  it  be  Bcnitched  below  the  mirfaco  of  tbe  li(|uid  vriUi  ikliM 
or  touched  with  a  Bimilar  bar  of  iron,  a  dopo^iCion  of  copper  lake#  jhtt 
tipoM  the  bar  ^rst  immersed,  conimenoing  at  the  point  ^.^f  contacL  vfhm 
the  solution  is  very  dilute,  the  iron  (it  first  bpqonies  coaie'il  with  eaffo. 
f^na  being  evolved  at  (be  »ime  time, — but  recovers  its  imtural  kri^fctBrp 
lifter  the  li<juid  has  been  agitated  several  times.  ^Seliwvi^ger-SuM 
ScJiw.  53,  iG7.)- — Active  iroit  precipitates  copper  frnm  a,  loixtw  J 
acjneoue  Aulutiou  of  nitrate  of  copper  with  an  equal  qntintity  nf  aitnewi': 
but  if  it  be  first  connected  with  platinum  ami  then  immersoil,  it  der« 
acquire  a  coating  of  copper; — even  after  the  removal  a.f  the  platims, 
the  depo'iitio'D  of  copper  does  not  tnke^  pliice  for  some  time.  (KnnidaT.) 

If  one  end  of  an  iron  wire  be  covered  with  peroxide  of  lead  (by  tfc» 
dccnmpositiun  of  acetate  of  lead  in  the  current  of  the  vidlttic  l«U«Ty)  uti 
this  end  dipped  before  the  other  into  a  Bolution  of  ^nlphalfr  of  copp#r,  ■* 
copper  is  precipitated  while  both  ends  are  in  the  eoluiiim  :  Imt  m*  loonw 
the  covcretl  ond  ia  tiiken  nut,  copper  is  precipitated  on  the  .  '  .iWlf> 
when  the  latter  in  taken  i>ut.  If  an  iron  wirecutcd  with  p  .r{]mt, 
nnd  also  an  active  iron  wire,  he  ennnected  with  the  ^IronouteUtr,  amI  ll» 
Iftller  dip]>cd  lirtt  into  the  riolutioH,  positive  electricity  puaea  boa  tk* 
vmer  tUruugh  the  gulvauotueter  to  tlic  latter,  which  vegans  lo  ■■nt  ■ 
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ctfS.t\nji  of  copper  as  Eoon  as  iia  carmection  wUh  ihe  otlicr  wire  in  brukoii 
«fl'. — Tlie  cu]ia  a,  A,  and  tlip  Biplion  A  2)  containing  eoliiLiuii  of 

«ii]|iliii.te  of  co])pi_'r,  if  tliC  oiiil  o  of  tlio  iron,  wire  covered  wiLL  [>eroxM« 
of  leaJ  initnerseil  first,  and  tLe  active  enJ  p  aflcrHards,  the  latter 
does  not  Lict&mc  coated  with  copper;  nmtLer  dniea  the  deposjtiun  take 
plaice  wiion  tli(?  aipboii  ft  ia  replaced  lny  a  wire  of  ii-on,  copper,  or  brass; 
Lilt  it  13  hrunglit  3il}out  by  tbe  introduction  of  a  plfttinuni  wire.  If  the 
■wiro  ap  ha  first  iiiiiner&ed,  then  the  active  wire  h  dipped,  first  into  h  and 
tlien  into  a,  tlie  end  in  6  beronics  covered  with  copjicr,  but  not  that  m  a. 
Wlieii  the  end  o  covered  with  peroxide  of  lead  ia  taken  out  of  tbe  liijnid, 
the  end  of  the  wire  h  which  dipa  into  a  also  beconiea  coppered-  If  o 
remaina  in  a  and  a  second  iron  wire  a  is  dipped,  firat  into  a  and  then  into 
A,  the  end  of  the  first  wira  h  likewise  ac^^uires  a  coating  of  copper. 
(Scbi^nbein.) 

I  When  peroxide  of  lea<l  and  iron  are  placed  toother  in  solution  of 
&iilpliate  of  copper,  the  latter  tiikc?  osvfren  and  sulphuric  acid  from  the 
contiguous  atoms  of  the  suit,  and  diasolvea.  But  ttie  separated  copjier  ie 
not  precipitated  on  the  iron — but  takes,  in  it4  turn,  oxygen  and  sulphuric 
acid  from  the  conlignoos  atom  of  sulphate  of  copper.  {App.  170  '  hus, 
tlie  decomposition  and  reconipnaition  <if  the  atoms  nf  aulphate  of  o0|i|jer 
10  voniinued,  in  the  manner  doscribod  on  p&^  342,  /,  til3  it  reaches  the 
jieroxide  of  lead.  The  separated  atom  of  copper  Ijing  next  to  thia  oxide, 
robs  it  of  Us  second  otoni  of  oxjygcn,  Ho  that  protosLdo  of  copper  and 
pl>otu):ide  of  lead  are  produced.  1  liis  cLauge  titkcB  place,  because  peroxide 
of  lead  retains  oxygen  Uss  forcibly  than  protoxide  of  copper;  and  as  long 
aa  any  peroxide  of  lead  remaina  uudccompoaod,  no  ileposition  of  copper 
can  take  place  on  the  iron.  The  iron  need  not  on  tlila  account  be  regarded 
ae  pa6!j:ive;  fur  it  it  constantly  taking  np  oxygen  and  acid^  and  di.ssolviug. 
This  oxidation  of  the  iron  causea  negative  electricity  to  be  set  frm  from 
it; — the  peroxido  of  Lead  which  loses  oxygen  must  tnJce  up  negative 
electricity; — henco  negative  electricity  gooa  from  the  iron  through  tho 
^Ivanometer  to  the  peroxide  of  loud,  or  positive  electricity  iu  the 
Qppoi^ite  directtDn.  If,  in  the  above  experiment,  tbo  two  ve»sela  are  con- 
r«i-ti>d  by  a  siphon,  tlie  portions  of  liijuid  contained  in  them  act  one 
liquid,  and  tlio  process  is  the  aame.  If  the  siphon  be  replaced  by  4 
platiuuni  wire,  the  peroxide  ctin  no  longer  restore  by  transposition  the 
oxygen  which  tho  cupper  has  given  up  to  the  iron:  for  the  platinum  is 
placed  between  the  two,  nnd  theri>fure  copper  ia  deposited  on  the  iron. 
Jlut  if  iron  or  any  other  oxidablfl  metal  takes  the  place  of  the  siphon,  the 
process  juHt  described  goes  on  in  the  cup  a, — that  la  to  any, — oxidation  of 
tlio  iron  without  deposition  of  copper,  and  reduction  of  peroxide  of  lead. 
In  this  case,  negative  eleetrictty  accumulates  in  the  wire  h,  and  positive 
electricity  in  tLe  rudnced  oxide  of  lead.  In  accordance  with  ttiis,  tho 
decomposition  of  the  sulphate  of  copper  in  the  vesBcl  i  goes  on  iu  such  sv 
mtuiner,  that  the  end  p  takes  up  oxygen  aud  acid,  and  eooda  the  negative 
electricity  thus  set  free  to  tite  oxide  of  lead;  while  copper  ia  deposited  on 
the  end  i  of  the  wive  A,  and  titkca  up  the  negative  electricity,  which  is  traos- 
fern'd  to  this  wire  from  ff.j 

Platinum  is  positive  with  peroxide  of  lead  in  solution  of  sulphate  of 
copper,  tho  oxide  of  le:id  gnuJiialiy  diauppearipg,  (Schonhein.)  [The 
electric  current  is  dnc  to  the  deconi]iositi<in  of  the  peroxide  of  leail.  The 
nature  of  this  dccompotiiliun  requires  further  examination.] 

A  plate  of  Bilver  coaaeotod  with  graphite  in  &  soliition  of  nitrate  of 
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copper  becQ'mea  coated  wHtt  metallic  copp«r.  (FiftS*.)    [DhI  Ui9  gnpliu 

contain  iropl] 

Salts  of  jn^rcuv^-  Iron  bcicomigi  inactive  in  saWitrata  of  DKrcuy 
(K3ir)j  more  passive  indtt^il  ibau  in  nitric  acid,— and  i«  HiibiiecjiirRtlr  w 

Csivo  tuwanla  sulpLata  of  copper,  if  it  were  coated  witL  |jcnijiife  af 
J,  (SclibnbeiD.) — In  solution  of  corrosive  anbliinate,  mercury  is  tlcp^ 
sited  OD  ailvfir,  gold,  or  platiQUm,  cutinectetl  witb  xiac,  tin,  teaJ,  in>D|  «t 
Copper. 

super  mli'.  In  solution  of  nitrate  of  eilrer,  tliat  metKl  is  predfUtaUd 
on  silver,  ^oUl,  or  platinum,  as  eoon  m  tlioaa  metals  axe  coDCeoi*^  vitk 
tin  Or  copper  likewi;ao  inimerBed.  (Singor.) 

Iron  precipitalej  a  wty  dilute  ^lution  of  nitrate  of  silver  ;  U  aW 
precipitates  a  concent riited  nolutiou  when  liot,  oehie  \>e\ug  (ormt^  1>y  tU 
fiction,— bnt,  at  orJinary  toinperaturcs,  iron  drneg  not  a«t  oa  »  MrvM 
eolation  of  uitrate  of  hiivet,  whetLer  it  be  ncutml  or  contain  nem  3 
acid. — If,  on  the  other  Ijiiud,  tk  ijuaiLtity  of  silver  be  diMolved  in  nitha 
acid  uot  HUlficicut  to  suturato  it,  an  that  the  free  nitrio  ftcid  romiiw 
charged  with  uitroua  acid — or  if  fuming  aitrio  acid  or  oil  of  vitriol  b( 
adduJ  to  a  neutral  soliitbu — or  if  a  neutral  solutiou  be  mixed  wttkiklcjifcJ 
and  left  to  ^tand  for  some  time, — Iron  will  at  tir^t  precipit&te  silver  fm 
auch  a  solution  ;  but  tlio  silver  OiKsulvea  up  again  after  a  time,  and  lawfl 
tbe  iron  in  an  inactive  etatc. — The  Ii4|uid  piMirod  oH'  from  the  iroo  befatnt 
in  tUe  aiune  mauner  with  a  eecond  pieuo  of  iron.  Irou  which  ku  bMi 
rendered  inactive,  roauvert!  its  activity  after  the  rumoval  uf  tlia  mukiot,^ 
eveo  after  tliu  sli^litet^t  rubbing;  likowiM)  after  tying  umUr  met  hr 
Boruo  time  (but  not  under  ammonia).  It  dws  nut  diibsolve  io  (uouiif 
nitric  Qpoid,  even  after  the  ii<.lditiou  of  water. — if  iron  wliicb  bu  livt  itf 
activity  be  brought  in  contact  with  active  iron  witUia  tlio  liqmiL  • 
deposition  of  silvor  takes  pl»c!«<  on  the  latter — then  also  on  tlie  fumcr,  W 
the  tiilver,  ^nbsequeutly  disiippeare,  and  l>oth  piccea  of  iron  rciiiain  inacii**- 
Iron  whicii  has  been  Linnier^ad  in  fuming  nitric  or  a  EiitHrat«Ml  Bolatisi^ 
Silver,  is  likewii^  inactive  towards  the  above  eolutiun  whtdi  CMUte 
nitrous  a^id.  Iron  will  not  precipitate  tapper  from  a  solution  of  iiiiiiii 
of  copper  which  has  be«n  mixed  with  nitrate  of  ailvor — not  ovoa  M  tt* 
addition  of  acidj  so  likowisa  iron  which  baa  l>«cn  rendered  inaetivo  bii 
solution  of  silver  no  longer  precipitates  copper  from  the  ■alpblM  ' 
nitrate.  (Kcir,  Vertucht  k.  lieolKickUngm,  GotL  1791  i  ab«tr,  6tkm.A 
IH.) 

When  iron  naiU  ard  mixed  with  pieces  of  iilv«r  and  ilimwlii  ^ 
excc&s  of  oitric  acid,  the  niivcr  dissolves,  while  the  iron  rvmania  mbf 
solved  even  after  the  acid  han  been  boiled.  .Sometimes  tl)«  iroa  ii  ilH»' 
nately  attacked  with  violence  aiui  left  iti  the  iWMiTe  »tatc.  rriiin. 

i7,  23.) 

Iron  precipitates  snlphate  but  not  nitrate  of  dilver.    S«]>toni  only  it 
it  bapiKU  that  after  the  iron  liaii  reinaiucd  for  weekti  in  n  dilul«  nlMi* 
of  silver,  a  fiiw  shining  Inininw  or  dendrites  of  nlvar  ap^Hw  BpiM  fK* 
corro(<]^>oudinp  i^iiantity  of  iron  bnvinji;  been  diHO'lred.     Imq  iom 
prpcipitiLte  eilver  from  a  mixture  of  1  pFirt  of  conooatmtinl  «»|iiliia  ^ 
nitrate  of  silver  with  li  (wrt  of  nitric  acid  of  Bp.  pr,  l-it  ;  but  with 
nitric  acid,  the  iron  iuiinediately  aeijuirea  a rontinir  uf  siivor,  wbicb  it 
at  firtit,  th'tni  hccoineii  whiter,  and  afterwards  hrilliuDt  ;  tho  «al««t  itM 
redi.<«idvei«  n  iih  strong  ovolutien  of  nitric  oxide  gas,  onA  Imvm  tke  iM 
bright  and  wbtl«i  Uiaa  iu  it*  ordinary  state  : — on  furtha*  atUitioo  «f 
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th«  iron  Ukewiae  reniiiii]^  paa^ive.  If  tbe  iroa  be  touolied  for  a  short  timB 
beluw  th&  surl'uce  of  tlie  liquid  with  active  irun,  it  is  a^utri  i^ttacked  und 
csovere<l  with  eilver,— but  subftofjueritly  beeoTnes  passive  ii^^io,  as  tha  silver 
diwolvea.  If  the  immereeil  pieq*}  of  active  iron  be  k^ptut  p.  litlle  diststice 
from  tbe  pneaive  iron,  tbe  silver  nhlcl)  depottitei  on  (be  former  eoun  elfccta 
metallic  coiiioiuuic^LloD  between  the  two, — aunl  tboa  tliia  action  ^oflflooaS 
jast  described. — Iron  likewise  becomta  pa^ive  in  s.  neutrnL  i^uliitioti  of 
fiilverf  but  not  so  completely  as  iu  an  acid  solution.— If  an  irim  ro.d  be 
dipped  t«n  times  into  a  solution  of  silver,  nud  waaliod  after  mch  lititner- 
uou,  the  solution  is  found  to  bo  fr^  froiq  iron  ut  tho  end  of  tbe  experiment. 
—Very  gentle  wiping  with  biottLing-papet  destroys  the  ptussivity  of  nu  iroil 
tod;  but  a.  steel  wire  remains  pimsivo  even  after  ruhhing  with  hlottlng- 
pfiper,  or  with  Paris  reil  ami  leiLthcr, — sn<]  even  after  gentle  Cling  or  ciiK-fuI 
scraping  with  &  et^el  srrftp^r, — so  that  tKo  change  of  j^tate  OAnnot  aH»Q 
from  a  sitjKirtit.'ial  deposit.  (Wetitar.) — [If  ouly  individual  spots  remain 
covered  with  peroxide  of  ireu  or  ^aphite^  they  will,  when  the  iron  is  again 
ttntnermid  in  the  silver  Eolntion,  facilitate  the  formaiion  of  the  lilm  of  oxide 
of  iron  on  the  expoeed  parts.] 

Iron  rendered  pneeive  in  a  dilnte  B»1iition  of  nitrate  of  silver  (1  part 
salt  to  12  pnrt«  water),  then  connected  with  active  iron,  and  dipped  Eato 
(k  concentrated  solntion  of  nitre* appeara  Btrongly  negative;  the  dcfleclion 
of  the  gftlTanonioter  ia  however  «oon  reduwd  to  nothing,  beeaueo  tbe  iron 
recovers  ite  activity.  If  the  iron  be  taken  out  of  tbe  solution  and  washed 
with  water,  the  deflection  prodaeed  is  less  than  before; — alter  a  second 
WH^hin^,  still  leas; — after  the  iron  haa  been  driod  at  a  gentle  heat,  it 
bemnics  very  euidll  indeed,  and  is  eometiraes  even  reversed.  Steel  tetaina 
itE  active  glate  niiioli  longer,  soiiietinieJi  frotii  8  to  14  days  aftor  dryiag; 
but  in  wut^r,  it  becomes  active  in  hatf  a  minute.  (Wetzlar.) 

In  a  e>}lution  of  1  part  of  oltrnte  of  silver  in  12  parts  of  water,  sino 
is  first  positive  towards  itn,  then  negative,  then  positive,  then  negative  (or 
at  all  events  loss  positive),  then  permMnently  positive.  In  a  dilute  solu- 
tion, Jiine  is  permauently  pasitjvij>  towardj  tin. — Tin  in  tbe  almvo  solution 
(t  :  12)  is  positive  towarda  lead  at  first,  negative  after  13  minutes,  then 
again  positive.  (Fechaer) 

A  very  diluta  solution  of  silver,  even  when  it  contains  free  acidj  is 
immedintely  precipitated  by  iron.  In  the  solution  (I  :  12)  iron  is  nega- 
tive with  copper;  bnt  the  strength  of  the  action  increase*  and  diiminieheii 
alterniil*Iy,  The  silver,  it  h  depfisited  on  the  Copper,  gradnally  ap- 
pronclies  the  briglit  iron;  as  aoon  as  it  comes  in  contact  with  the  iron,  tho 
current  through  the  galvanometer  diminishea,  becanse  part  of  the  electri- 
city goes  tlirotjgli  the  silver.  When  the  greater  part  of  the  eilver-ealt  in 
tho  liquid  ha«  been  decomposed,  and  copper-salt  formed  In  ita  etead, 
tho  iron  becumoct  coated  with  coppor,  and  exhihils  a  positive  reaction 
stronger  than  its  former  negative  roaction.  The  positive  state  din-liiidheff, 
however,  in  intensity,  a,8  tho  coating  of  copper  hecouieti  thitker.  In 
more  dilute  silver  aoluliona,  iron  is  pennaneiitly  positive  towards  copper, 
ft,nd  becomes  covered  with  silver, — cveu  when  a  quantity  of  concentrated 
silver-solution  U  afterwards  added,  sntficieut  to  reetore  the  above  propor- 
tion of  1  :  12.  On  the  other  hand,  irfjn  continues  negative  for  aomo 
time  in  contact  with  copper  in  the  solution  1  :  12,  even  when  it  is  consi- 
derably diluted  with  water, — bnt  by  degroos  becomes  positive.  When  the 
solution  is  moderately  diluted,  (be  iron  is  at  first  negative  towards  the 
eoppor;  but  afterwards,  when  it  bliwkena  from  deposition  of  silver,  it 
becomes  poaitive.    In  tho  eolutioo  (1  ;  12)  iron  is  poeitivo  towarda  plati- 

2  D  2 


372 


ELECTRICITY. 


nmu,  without  however  precipitating  silver;  and  Ibe  current  quicklr  dimi- 
nishes, hecauae  the  platiniiin  in  Ibo  Foliition  coatiniiaJly  becomee  less  tuct- 
tivQ.  When,  therefore,  the  pliLtiaum  renmins  f^r  some  time  in  the  t^it- 
tioj),  beforQ  it  ia  pWed  in  contact  willi  the  iron— whether  tb«  iron  \a» 
he^eji  in  the  sohitivD  for  the  same  tim«,  or  is  thou  first  immors^d — lb*  (B^ 
rout  is  much  weaker  at  the  beginning,  Taking-  out  a.iid  cleanLng  lh«  im 
does  not  atrcng-tli^Q  the  current  j  but  tho  ^anlo  treatment  applied  to  tlM 
platinum  prodnces  an  incroaae. 

Tn  tho  solution  (I  ;  13),  in  3  etron^r  aolutlon,  iron  is  at  first  pui* 
tivo  towards  silver,  but  soon  becomes  neutral.  If  the  solution  ranlJuM 
a  ftnifiU  cjnantity  of  free  nitric  aciil,  the  iron  ia  first  positive,  tWn  pcrtn*' 
nently  negtitive.  On  the  further  addition  of  a  Ttty  large  ^jiuiiitil/ «/ 
add,  it  remnins  bright  and  negative  for  a  while, — -then  (jtiddenly  pft<d|ki- 
tatea  silver  and  become  positive;  tiien,  when  tlie  silver  diaa^jtean^  it 
again  beconica  bright  and  neg^itive; — and  so  on  from  four  to  six  liinoi  rn 
rtipid  alternation.  If  the  irnii,  while  bright  and  negative,  be  talien  At 
of  the  liquid,  it  immediately  blackene  on  the  eiirface.  (Fechntr.) 

Plntinum  is  positive  towards  e^ld  or  silver  in  ibe  neutral  MdstiM 

il  :  12), — towards  gwld,  lil;ewjee,  in  an  acid  solution  of  tJie  bhvob  sttragA. 
a  a  dilute  solution,  the  current  takes  the  oppo)$lte  direction.  (F«diiwr,} 
Active  iron  ptorcd  by  itself  in  a  dilute  and  aligbtly  acidulated  mIu- 
tion  of  nitrate  of  silver,  slowly  precipitate?  tlie  silver  in  solid  daiidrila; 
but  iti  contact  with  ptLssive  iron,  it  precipitates  the  met&l  quickly, — itttu 
a  black,  loose  dejmsit,  afterwards  in  thin  shining  crystals.  Tlie  mm 
cITecL  is  produced  on  a  bar  of  passive  iron,  on  which  a  few  active  pljMt 
have  baen  niiide  by  nibbing.    (Scbweiggor-Seidol,  Schw.  53,  167-) 

From  a  neutral  or  slightly  acidulated  solution  of  nitrate  of  eilrer.  im 
precipitates  a  small  quantity  of  silver,  hut  not  till  after  j^ome  days.  Ii 
the  ncntrnl  solution,  it  gives  no  current  with  platinum.  When  th«  «gl»> 
tiun  is  slightly  ncidulated,  the  iron  appears  feebly  positive  onW  *l  ifc* 
commencement.  In  a  solution  ao  strongly  acidultLted  thn.t  silver  la  Ae^ 
sited  on  the  iron  (.ind  afterwards  redisaolved),  the  iron  remains  sttwH' 
positive,  na  lonp  aa  the  deposition  of  silver  ttoalimies,  AS''hea  tlic  lifV^t- 
tallon  ceases  and  the  silver  is  rediasolvcd,  the  current  also  ceiLsee.  If  »• 
iron  be  eonneeted  by  means  of  the  galvanometer  with  nine,  tin.  lf»A 
copper,  or  mercury,  it  always  appeara  negative  in  the  eitver  solution 
becomca  covered  with  crystals  &f  silver;  for  tlinugh  the  film  of  oxidr 
iron  may  be  reducctt,  the  silver,  when  precipitated,  acta  iubtcwl  of  li« 
pasaivG  iron  as  the  negative  metal.  (Faraday.) 

Acetate  of  silver  is  completely  decompcKoea  by  iron,  on  tbe  anplH*- 
tion  of  heat,  whether  the  solution  be  neutral  or  acid:  it  \a  likewwe  J»- 
composed  in  tbo  cold,  when  mixed  with  a  large  excess  of  acetic  aai 
But  the  solution,  whether  neutral  or  slightly  ncidiittited,  depoaitaa  dmO 
quantity  of  silver  in  bkck  tiakos  on  particular  parLs  of  tlie  iron,  wfc3i 
tlio  other  p:irts  become  covered  with  gii«- bubbles,  and  die  greater  put*f 
the  silver  remains  in  sulution  (many  pieces  of  iron  remain  t^uif  briffcil 
If  the  bar  uf  iron  be  filed  jifter  it  ba-'i  ceased  to  precipitate  Bilrer,  it  wl 
n^ain  be  rendered  active  fur  a  time.  fWetKlar.) 

Copper,  whether  in  its  ordinary  ^tate,  or  after  it  has  been  dinnJil 
eaUBtic  }>otnah  and  then  wnshcd  with  water,  immediatolv  pPWipilate* 
Bilver  from  the  nitrate.  In  its  ordinary  state,  also,  it  ta^btntly  iena- 
ySM*  leetate  of  silver;  but  copper,  which  has  been  iinmenoct  in  potHk 
ModuMa  Qo  elteut  at  lirat  on  at^etatc  of  silver,  and  exbibita  onlr  1  if* 
dark  patches  of  rrdneed  silver  after  a  quarter  of  an  how.  (Weluar.) 


TWO  METALS  WITH  SULPHURET  OF  POTASSIUM. 


373 


E xperimeiitt  wUk  solutiont  of  Sulpfiuret  of  Potaeaitm. — Faradaj'  eipe- 
rimeuted  with  tlie  following  liq^uide;  1,  Ytlioie  loivtion:  jinipareU  by 
fusing  Lydr»to  of  puta^Ei  with  its  own  weigLt  of  suJpliur,  auil  dissvlvioj; 
Iho  fu^ed  ma«s  Id  water;  (contaius  quinto-BuIpliuret  of  potae^ium  mixed 
with  liypoaulpliite  of  potftsh).— 2,  CaloarUss  solution:  Acjucnut>  ^olutina 
of  potash  siLturatei]  with  sulphuretted  hydrogen;  (uiay  be  regarded  tue  a 
POfnpound  of  siiljihuri^ttcil  hydrogen  with  protosulphurct  of  potaaajjain,  or 
HB  lij-hydrosuiphuret  H.'f  potasEi). 

when  two  luetals  are)  immeraed  iii  the  yellow  solution,  the  one  wbioh 
taitea  eulphur  from  it  is  positiro  towards  the  other.  If  the  former  he 
thereby  covered  with  a  film  of  aulphuret  impeaetrable  to  the  l^uid,  but 
oapablo  of  cobJuctiug  electricity,  the  direction  of  the  current  wjjl  bo 
reversed,  if  the  second  nietat  be  capable  of  abstrncting  eulphur  from  tho 
if  this  be  mot  the  case,  or  if  the  nietallio  aulphuret  be  a  non-cun- 
du(!tor,  the  current  will  eeaae.  (Faraday.) 

In  the  yellow  Bolution,  zinc  is  atrongly  and  penaaneutly  poeitive 
towards  iron,  nickel,  gold,  ot  platinum, — bL'caiiee  the  aulpliiuet  of  sino  dis- 
eolvea  in  tho  liquid. 

Cadmium  le  H'trongly  positive  towards  iroa^  gold,  or  platiDum,  and 
permanently  so  when  (ho  fulphuret  of  eadmiutn  is  loosely  deposited;  but  if 
the  icodmiuni  has  b^eu  polished  with  a  glass  rod.  an  tmpenetrahle  and 
DOD^coa ducting  coatiiig  of  aulpturet  nf  caamium  is  formed,  and  the  our- 
rent  cessee. 

Tin  i«  positive  towards  iron,  gold,  or  pl&tinnm„  for  ten  minntc«  only: 
Skfter  that,  the  current  ceases;  because  the  tin  becomes  covered  with  an 
impenetrable,  no u -conducting  crust  of  sulphuret  of  tit>,  (Tho  circuit  do 
longer  conducts  a  thernio-eloctric  current,) 

Lead  is  positiro  towards  nirkel,  iron,  gold,  piktlailinm,  or  platinum, 
for  two  minuter  only:  the  current  then  ceases,  on  account  of  the  iJeposilion 
of  sulphuret  of  lea<l, — which,  though  it  conducta  (the  circuit  conducts  a 
therm o-current),  ia  not  permeable  to  the  liquid.  The  current  does  not 
tiilie  the  opposite  direction,  because  nickeJ  and  the  other  nietala  do  not 
tak<'  sulphur  from  tho  liquid. 

Bir^uiutli  behave^i  towards  the  metals  juBt  enumerated  just  ae  lead  does, 
exceptinj^  that  the  current  coutiuucs  for  half  »u  hour.  Towards  lead  also 
it  IS  p(ieitive  at  first,  hut  neutral  after  tho  lapse  of  two  minatea, 

Atitiniony  ia  permanently  positive  towarda  platinum, — bocauae  the  anl- 
phiiret  of  antimonv,  which  is  a  non-conductor,  forme  but  a  loose  deposit. 

Copper  is  positive  towards  nickel,  iron,  gold,  or  platinum,  The 
currrnt  diriiiiiishes  without  ceneing  altogether;  because  the  suljihuret  of 
ci^ipper,  which  is  &  good  conductor,  does  not  form  a  hard  crust,  but  falls 
utF  in  scales. 

Disulpburet  of  copper,  both  natural  and  artificial,  condneta  well  and 
id  positive  towards  platinitm,— till,  by  taking  sulphur  from  the  liquid,  it 
passed  to  tho  state  of  protoAulphuret,  and  is  thus  rendered  inactive. 

Silver  ia  peraiaflflntly  positive  towards  iron,  nickel,  gold,  patludiuin, 
and  platinum, — because  the  nun-conducting  Galphuret  diiesolvea  &a  faet  ae  it 
is  formed. 

Copper  is  at  first  positive  towarda  silver,  tho  latter  remwning  bright; 
then  the  current  ceases;  afterwards  the  silver  become*  positive,  and  tar- 
niabef,— then  airain  the  copper, — and  ao  on  alterwalely,  according  as  the 
mclaltic  sulplmret,  wLii;h  is  being  formed,  prevunta  the  copper  t.r  the 
Bilver  from  taking  fiulphur  from  the  liijuid. 

Iron,  aiokol,  gold,  pollftdium,  and  platinum,  not  being  capiUe  of 
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abelracting  eulyjliur  from  the  yellow  eoIutioD,  two  of  tiieee  metilt  fheel 
to^eilter  in  tbut  solution  produce  no  curreat.  For  the  saioe  i flmiii,  a 
current  le  geaeratod  giiljihuret  nf  Vi^niLiUi,  galono,  iroo  pyzitei,  tvffO 
pyritca,  or"8C-ale  oiide  of  irou,  either  with  the  uietsU-jast  meoliciDldK 
with  one  RHfther, — mUhough  ttia  oirouit  give»  nady  pasamgo  to  a  ifcrmr 
elmitnc  current- 
It  is  pnly  when  the  fe\low  solntioti  ifl  v^ry  inaoh  ilUut^d,  tb>it  it  n»- 
ders  iron  fiosttive  towards  pUtitiam,  in  consequence  of  iho  fum&tiua  oj  ■ 
very  ^niall  quuutit^  of  sulpliuret  of  iron. 

Iron,  i^latinum,  Arc.  arts  ^trori^ly  pontltrft  toward*  proioxntt  of  iM 
(hydratedi),  i>er(ixidB  of  man^ttnese,  red  Idad,  wUit«>  Im<J,  vcllow  aok 
of  Ic&d,  and  luost  uf  All  towanli^  porcikide  of  le-o^J;  for  thvw  uxid«s  thU 
oxygen  to  the  solution.  [Tho  metal  mora  or  le«fi  redurm!  tMktm  upo*f» 
tivu  filectridty,  And  eenda  po«!tlvu  tdectricity  tlirougb  the  galruofiMtMli 
the  jjlatinuni.  A-c.l  Hence,  iron  mR«d  hy  expOBuro  to  damp  air,  ot  **t 
diitfld  by  nitrto  actd^  then  washed  with  wutor.  potash,  and  truttir  tgaiti  — 
and  oven  iron  flppftrentlj  hriglit  Hiid  clean  («inoo  a  film  of  oxid«  U  dwin 
formed  on  it  it  dries),  ia  puiiitire  townnld  platinum  at  tbe  fimi  iaHMI 
of  tnimerBion  iu  the  ycUuw  eidution.  But  iruu  heated  ia  the  mit  till  ib 
lurfiu^e  tftrDialie?,  given  no  current  with  plnlinnni. 

The  Dolonrtees  solution  of  biliydroeulphiirot  of  potash  Mm^ 
ponding  re^iilt«i  Lead,  biminih,  cojfpor,  eilvfr,  and  diBulpbarat  ef  «f* 
fier,  are  poeitivo  towards  irou,  nickel,  i^oldj  or  platinum.  StlrniipM* 
tivc  towards  lead.  The  current  between  lend  and  platioain  woo  wBh 
njjshefl  witbout  entirely  Cf^ing;  that  between  bi^matfa  and  ptoiw 
ceBcea  almost  wholly. — Nickel  ia  sliuhtiy  but  iwrroaneotly  pontiTC  1^ 
wards  platinuin;  iron,  first  negative,  thtjn  neutral,  ttufn  positive, — Imnntn. 
mt  first,  the  iron-rit«t  forms  sulphur^t  of  iron,  whicli  im  aft«rwafd> 
eoWed, — Tbns  far  Faraday. 

f 'oppe?  is  p'laitirelownrdj  iron  in  hydroHulpliatf  rtf  pota«b,  (11,  I>itj.) 
— In  solution  of  liver  of  eulphnr,  It  ia  posilH-c  towards  tin,  Imd,  Mid 
cmc,  {Mariftnini.) 

Copper  13  positive  towards  iron  in  conconlrated  solulioB  of  Uwf  •( 
eulphtif,  and  Irhckens  Immediately, — whilo  tli<>  iron  i»  but  aliglrtiy  hhA- 
eued.  Wlien  tho  solution  if  modcratf^ly  diluted,  tha  fnpfmr  it  Sn/tmi^ 
tive,  then  positive.  Ou  (.'onnecting  the  two  plitlee  nfier  tb«v  hnn  Wrt 
immer^d  in  the  solution  for  ?onie  time,  tlift  copjior  immoiliaUtlv  livcraM* 
positive.  It  will  nlun  remain  pf>pjlivp,  if  the  iron  pluta  be  ezpoM^  fcl 
some  time  to  the  ulr  and  liion  n^iiin  iniiutirdt'd. — or  if  It  he  replft««J  bj  l 
new  one;  but  if  the  iropTior  plnte  be  esposcil  tli^  air  [in  wb>«h  «M 
ffulphuret  of  copper  may  be  ponvorlM  ItiIo  aulpbaic},  or  imoanedlna 
elxirt  time  in  w!i(i.<r  conlainiUjC  an  acid  or  cominon  mIt, — it  will,  «te 
B^ain  immerwd  in  tbe  Rolutiou  of  liTer  of  ^Iphur,  at  fim  'Sxlilbll  •  mb- 
tive  reliction;  Jdst  as  a  frt^sh  (Supper  plate  is  at  first  nof|;alir«  lowavAlBI 
old  iron  pl»te.  The  iriirrent  is  not  reversed  by  dilating  tira  Mrtontnlil 
■olution  with  euch  a  t^nnntity  of  waiter,  that  clean  cupper  veutd  ha  bm- 
live  in  the  raistare.  (Fechner,) 

In  rouc?cTitr.ito'l  solution  of  liver  of  enlphiir,  antiincmy  tuid  UhhA 
are  «N^hlly  po^iilive  towards  iron,  and  tin  lovmrd*  l«b4.  Silver  aad  eif> 
|9pr  are  stronirtv  positive  toward*  antimony,  blflOBth,  tin,  le»d,  orim- 
Copper  is  pnitiiUe  towards  silver.  {Fothner.) 

Elci^trica]  scries  in  hydro^'^ulphnte  of  potiuh:  Zino,  tin,  eoypgr,  jpM. 
bismuth,  silver,  platinum,  palladiiimi  pold,  rharcnal.    (II,  Dnrr  > 

Iq  tbe  yellow  solulion  (l  meaatm  of  eoneentrated  tolutioa 7 
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ree  of  wat^r):  zinc,  copper,  ca^oiinm,  tin,  aHrer,  lead,  antimnny,  bfs- 
mutfa,  I]ic^le]^  iron. — In  the  tiolouriofle  Bolntion  (l>i-hyiirosuI|ihiiret  of 
|iotath):  CiLdinbium,  zinc,  copper,  tin,  autlniony,  silver,  leaJ,  bisiiiuihj  nickel, 
11(111.  (Fiiniilny.) 

Ejepfrimcnts  itntk  eerfain  fused  suhstntices.  Zinc  gives  el  strong  murrcut 
with  platinum  in  fused  oxide  of  lead  ur  cblorato  of  poliiali;  tlic  proturuce 
&f  water  is  not  nbsolutflly  necesaary.  (H.  Duvy.)  2inc  and  platinum 
form  powerful  circuits  in  fused  carlionate,  tlilorute,  or  nitrate  of  putasb. 
Still  more  powerful  drt-uits  are  formed  by  Iron  and  |j]alluiini  in  the  same 
Baits,  or  in  pliospLate  of  eoda.  (Faiadtiy.) 

In  fused  nitrate  of  ellvcr,  iron  oxidates  ai  tbe  game  rate  and  with 
the  pamc  colinipj  as  when  heated  ia  the  air, — no  precipitation  of  silver 
ensues.  Iron  ftnd  platinum  placed  tog-etber  in  the  fused  ailver-ealt  pro- 
duce either  no  current  at  all,  or  tbe  opposite  of  what  might  be  expected, — 
tlifit  is  to  say, — positive  electricity  goes  from  the  iron,  throiig-h  the  galva- 
notnetorj  to  the  platiiiiim,    This  current  is  tliermo-electtiL'.  (Faraduy.) 


Two  Metah  and  om  Liquid,  which  it  urKquaU^  heaied. 

Tbe  liquid  being  contained  in  the  bent  tube  {App.  Sji,  into  tbe  arms 
of  which  the  two  metfillic  wiree  dip,  and  the  portion  m  one  arm  only 
being  boated  till  it  boilsj  the  following  rceulte  are  obtained, — according  to 
Farailay, 

In  d'dttie  mlvhurie  acid:  Hot  iron  ia  etrongly  positive  towards  cold 
tin;  hot  tin  still  more  etrongly  poBitivts  towftrda  cold  iron, — Hot  iron  is 
feebly  positive  towarde  cold  lend;  hot  lead  etrongly  positive  towards  cold 
iron. 

In  dUiiie  niiric  acid:  Hot  tin  or  lead  is  positive  towards  cold  iron; 
hot  iron  positivo  towards  cold  tin  or  lead, —  Load  la  always  poeitiva 
towards  tin,  but  hot  lead  more  strongly  tbau  cold. 

In  aqv(oug  fthitivn  of  j}oiaih:  Coldtiuor  cndniium  ie  feebly  poaitivo 
toft'ards  hot  teadj;  hot  tin  or  cadmium  «tron^ly  positive  townrds  cold 
had. 

/n  ytUow  anliitxon  of  tutpkurti  of  potnttivm:  Cold  zinc  la  positivB 
towards  Lot  cadriiiiiai  or  tin;  cohi  caumium  or  tin  ia  positive  twwjiriU  hot 
zinf. — Cold  zinc,  tin,  or  silver  is  strongly  positive  townrds  hot  leadj  hot 
t'iDc,  tin,  'ir  silver,  slightly  positive  towards  cold  Icatl.  —  Cold  tin  \»  feebly 
pcsitivc  towards  hot  sdvor  (whicL  becomes  tarnlabed);;  hot  tin  le  strongly 
jjositire  towiLrds  cold  silver. 

T^e /olfotoing  are  remUs  of  a  differeliC  rltaractfr:  Dilute  sulphuric  acid 
with  copper  aad  silver:  If  both  arms  of  the  tube  are  cold,  or  the  silver 
arm  cold  and  the  copper  (inn  hot,  the  deviation  simoDnta  to  only  r';  but 
when  tlie  silver  nnu  b  heated,  it  riaea  to  20**,  diminii^biti^  again  aiS  tbo 
liquid  cools;  in  this  case,  the  copper  is  always  positive. — Silver  is  always 
positive  towarde  platinum  in  dilute  eulpburic  ncid^  hut  when  both  amis 
Mc  ctdd,  the  deflection  amouutj?  to  4"*;  when  the  silver  nrm  is  heated,  it  ia 
l^";  and  when  this  arm  is  cold,  but  the  platinum  arm  hot,  30'. — Tliii 
iacrcage  of  tbo  current,  by  heating  tbo  part  of  the  liquid  in  cwntafll  wiih 
the  negative  metal,  is  due  lo  the  increased  facility  with  whith  tlie  current 
paescB  from  this  metal  to  the  liquid.  (Faraday.) 

Marianini  likowlee  found  tbut  the  electric  current  iucreases,  both  when 
the  sine  plate  ia  bcalod  before  iimniersioii  in  dilute  acid,  and  also  when, 
this  plate  is  kept  cold  and  the  copper  plate  heat«d. 
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Quantiiif  of  the  Electric  Carrtnt  produced  btf  two  MetaU  and  one  uf^^ 

[The  greater  tlia  number  of  iitoDia  of  tho  electro- negative  cltMnmt^y 
the  lii^uid  taken  up  hj  one  of  the  nietale  in  a  given  tim«, — U'l  IH 
emaller  the  amount  of  parely  chemical,  and  the  grea-ter  the  axnouat  cif  bIw* 
tro-chemical  action  (p.  343,  y) — the  greater  is  tlje  quantity  of  dectridlj 
which  paeses  from  one  metal  to  tlie  other,  Oonaetjucatly,  the  q'JUti^ 
of  the  electric  current  is  inoreafiud  liy  aU  circum stances,  wliich,  (1),  ««eck- 
rate  tlie  decern  position  of  tbe  licjuid  by  tho  metal;  and  (2),  facilitate  dH 
tniusfereiice  vf  eSectricity  from  one  metal  to  the  other,  and  thai  of  Ik 
ntigative  electricitj?  from  the  inactive  metal  to  the  liquid, — whlUt  conlruy 
circumstances  produce  the  opposite  effect.] 

A  zinc  wire  and  a  piatinum  wire  each  o(  an  inch  thicll,  anJ  in- 
tDersed  f  "f  an  iiitli  deep  in  n  mixture  of  one  drop  of  of  vitriol  wilk  * 
oiineea  of  water,  produce  in  3-2  goconds  as  great  a  dcdectioo  nf  lla  aiv 
netif;  needle  aa  thirty  turns  of  a  powerful  olcctriral  macLibc.  (FaiajBjr.l 

Eitjaivaleut  weights  of  different  metata  dissolving  in  the  tame  3it|ciii3 
geuflrate  currents  of  equal  quantity  hut  different  intensity;  t.  g.  ziuc  ^ve 
duces  a  more  intcase  current  than  copper.    (Dc  la  Rive.) 

Nature  of  Ote  liqiciif.  Since  the  rapidity  ai  the  chemical  pMCi«i 
variee  with  the  nature  of  the  liquid,  it  follows  that  the  same  nijal 
metals  immersed  in  different  liquids  will  produce  currents  diffcnnif  a 
quantity. 

Zinc  and  copper  prodnoe  a  stronger  current  in  dilute  sulphnrio  tai 
than  in  water  or  strong  oil  nf  vitriol,  (Fechner.)  {Because  the  lincAli- 
dales  most  quickly  in  the  dilute  acid  ] 

Tf  a  mixture  of  100  meastiree  of  water  and  1  measure  of  oil  ot 
dissolve  1  part  of  an  amalgamated  xinc  plate  joiucd  with  a  OOppCT 
the  quuntity  diseolved  in  the  ^me  time  by  a  mixture  of  3  meaBom 
oil  of  vitrtol  with  100  mea^urca  n.f  water  wHi  be  \  G;  with  G  uvafivnt 

'  oil  of  vitriol,  V9;  Tfith  9  nu-aaures,  2-4;  with  12  measures,  4-0;  with  II 
tneaaurea,  4-4;  with  18  meaEureB,  2'9;  with  21  measures,  2*H;  andwilhM 
meaeureii,  2'4  parts.  Hence  the  strongest  action  is  produced  hv  a  tniitm 
of  100  meaaurca  of  water  with  15  meosurea  of  oil  of  vitriol, 'th*  apvciAt 
gravity  of  which  is  1*14.  Thia  is  the  case,  whether  tho  platua  b» 
half  an  inch  apart  or  at  a  greater  distance.  (Bijiks.) 

A  pair  of  zinc  and  copper  plates  immersed  in  a  mixtnro  of  1  nMMM 
of  oil  of  vitriol  with  SO  measures  of  water  gives  a  dollection  of  lOfi*;  ii 
a  mixture  of  1  measure  of  hydrochloric  acid  with  4U  nica^riures  of  waW 
58°;  of  1  measure  of  nitric  acid  with  40  measures  of  watovj  lOfl';  ill 
meaauro  of  nitric,  1  menflare  of  hydrochloric  Rcid,  and  SO  measatv* 
wfttor,  .'iS";  &a<l  of  ]  measure  of  oil  of  vitriol,  2  mea«ur&a  of  niim  tai, 
and  160  nieaaurej*  of  water,  120".  Tbe  last  mixliiro  evolves  bcwiij 
any  hydnvgen  g»a,  and  does  not  dissolve  half  so  much  sine  in  a  ei*t> 
time  as  the  first  doea. 

If  a  tine  and.  copper  pair  iti  distilled  water  produce  a  defloctiuo  t' 
1°,  llio  deflection  produced  hy  tho  samo  pidr  In  aoa-watvr  will  he  l*"- 
and  in  the  following  solutioDs,  alt  of  which  contain  1  part  of  th«  iii»wi*l 
to  100  parta  of  water,  the  number  of  degrees  of  deviation  will  h«  •• 
fwlh)W8r  Cyauide  of  sodium  hydrocyanic  acid  IS,  amuinnia  Iffi 

eoda  32-«t,  phosphate  of  potn'^^b  447,  borax  4.}'^,  phuttphatu  nf  aoda  lli 

I  tartar  emetic  .50  7,  auljjhate  of  ainc  51 -6,  clilorato  of  baryta.  e3-2,  pottA 
55-7,  protochlorido  of  iron  56  5,  nitrate  of  lime  57,  acetate  of  potaA  St> 
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nitrate  of  baryta  60,  protoaiil(>hate  of  iron  62-3,  cream  of  tartar  62*+, 
ealpbate  of  magnesia  G2-G,  nictate  of  eo<3a  64*9,  hicarhonato  of  potash 
chlorate  oT  potash  68  0,  oirbonate  of  soda  69-2,  beuz«ic  ariil  70'7, 
mclannte  of  ammonia  Tl'l,  sulphate  of  aaila  74'2,  benzoa>te  of  potiish 
7*t  6,  nitre  7S,  sulphate  of  potaeL  80,  conimnn  salt  M'?.,  alinii  So,  citric 
acid  a5"7,  acettc  acid  87,  neutral  tartrate  -of  potash  f>2,  tartarii;  axid  98*7, 
chloride  of  calciitm  110,  phoepliorit:  a«id  127,  flowers  of  eal-iiiimiouiac 
codtainiDg  iron  13  6,  oxalate  of  potash  H!),  eal-ammontao  150,  ncetate 
of  copper  154,  hydrochloric  acid  ll>4,  ozalic  acid  179,  sulphuric  acid  239, 
Bulpltate  of  copper  15+,  fiuljnitrate  of  mercury  278,  oilrate  of  silver  298, 
chlorido  of  gold  307,  nitric  acid  338,  chloride  of  platinum  418. — Ac- 
cordingly fl8  one  part  of  the  following  substauceis  ie  dissolved  ip  100  or  1000 
P4rt»  of  water,  thi  deflectiun  produced  on  the  iinmeraion  of  a  pair  of 
KiQC  aud  copper  plates,  ia,  in  the  Cii^e  of  sulphate  of  ma^rnc^ia,  iLa  24  :  13; 
of  commori  salt,  aa  5  : 3;  of  acid  oxalate  of  potash,  as  27  :  11;  and  of  atil- 
phuric  acid,  as  &  :  4. — If  tho  deflection  in  pare  watof  be  asaucneJ  =  I, 
that  in  alcohol  =  0*323.  TLs  addition  of  salts  to  tho  alcohol  produeea 
leas  iiicreaac  of  deflection  than  tho  corresponding  addition  to  water  would 
occasion.  (Marinnini.) 

Tmipcratnre  nf  cite  liquid. — A  zino  and  copper  pair  in  salt-water  at 
17*  C.  produce?  a  deflection  of  0*2*;  at  35",  toe  cleflection  amounts  to 
1-3°;  at  48°,  to  2-0°;  and  at  75%  to  4-0=.  The  deflection  ilccreaees  gradually, 
but  more  and  more  slowly  as  the  liquid  cools.  In  lifjuida  which  excite 
a  copious  current  oven  in  the  cold,  the  increase  on  the  application  of 
heat  ia  not  so  cousidorahle  [becnnse  in  this  case  tho  chc^micat  actinr,  being* 
already  considerable  in  tho  cold^  ia  not  so  niucli  iacrcaiied  by  heating]. 
(Mari  ;iiiiai,) 

The  cjuantity  of  hydrogen  evolved  on  a  plate  of  copper  connected 
with  ait  nmalgH.nmttMl  line  plate  is  lA  times  a*  great  at  J5"5'°  M  at  ll"7°. 
(Bints.) 

Gradual  alteration  of  the  liquid. — CliCTiiical  action  diminitlies,  in 
proportion  as  tho  activity  of  the  liquid  in  contact  with  tlio  positive 
metal  ia  dimiTiislied  by  satunbtion.  Circumstaucea  which  renew  the 
liq^uid  increiuo  tlie  current. 

If  two  metals  arc  placed  lo  the  two  arms  of  the  U  tu'bo  {Aj>p.  5), 
and  one  of  them  is  movedj  that  one  becomes  more  positive  than  the  other. 
Thus,  cadmiciui  is  positive  with  tin  in  dilute  sulphuric  acid;  hut  If  wo 
wait  till  the  deflection  has  diminished,  and  then  move  the  tin^  that  metal 
iraniediately  heeomea  poBitivo.  (Farailay.) 

In  water,  and  solutions  of  ml-ammoniac^,  common  salt,  nttre.  or  sul- 
phate of  zinc,  the  electric  current  of  a  zinc  and  cupprr  fiair  dimini^hea 
quic-kiiy  and  rej.'ularlv  from  the  beginning  of  tho  action  ;  in  dilute  at-ids 
slowly,  often  nut  till  the  acid  is  nearly  eatitrated, — sJvwIy  ^Iw  in  potash. 
A  current  which  bn^  grown  feeble  in  a  ealioe  solution  nmy  be  revived 
by  wiping  tlie  copper  surface  with  a  feather  [whereby  tho  nlkali,  Ac. 
accumulated  there  is  removed].  Wiping  the  sine  plate  is  less  cliicagious, 
and  stirring  the  liii|uid  in  the  middle  does  no  good  whatever.  On  Lb© 
contrary,  when  the  current  of  a  lino  and  copper  pair  in  oil  of  vitriol, 
solution  of  Carbonate  of  potash,  or  liver  of  sulphur,  baa  grown  feehli^,  it  is 
considerably  incieasictl  by  wiping  tho  zinc  plate  [in  oil  of  vitriol  the 
wiping  removes  solid  sulphate  of  xinc], — loss  by  wiping  tho  topper. 
(RoBenifchiihL) 

Thichica  of  the  intervening  liquid.  [The  nearer  the  two  metals  are 
to  oue  another  in  the  tif|uid,  and  tho  ehorter,  therefore,  the  eorica  of 
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atoms  along  vblcb  tmnB])oeitioti  Tiii»t  tnke  plsce^  the  lees  irill 
amount  of  purely  ch(?nik'al,  and  tlie  great-er  that  of  elect ny-cbroiKil 
actiuu.  and  tlic  more  nbtiiKlHiit  Iherefore  the  current.] 

If  the  <l?H«eiiiiJn  pro<]ureil  \iy  a  pnir  of  cine  an<!  copper  ['lalr* 
dilute  Rijlpllinric  ^eiJ — L|ie  dteiancQ  Wtw^eu  tl*^  plaice  Wiwg  21  Ittif 
be  a«auiniad  =  ] ,  the  deflaottoa  &t  12  lines  distanoe  will  lid  I'd;  al  0  II 
]-7;  &t3  lines,  S'l;  Rlid  at  ^  Hu«i  ^'S, — The  deflectioii  ts greater wken 
plates  are  parallel  Ihftn  when  tbey  are  inclined  l(*  vS«  Ahotb«r  n1 
angle  of  45'; — and  UomI  of  all  wlieo  thtj  are  perpendiculfcr  to  mdi  cthi 
(Bigeon.) 

According  to  t1i«  di^tnnce  between  tb«  amal^mlit^  E^nci  pUtr 
ibo  copperplate,  nnd  accordingly  as  1U0  nipasures  of  vitfer  are  Tnii.e<I 
],  3.  fl,  '■),  or  E2  meiieLires  of  oil  of  Yitri*d,  Ihe  number  of  second^  r*ijui 
for  the  cvolntion  of  a  ^iv^^u  quantity  of  hydrogen  gu  Is  its  {oUowb  : 
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Tbc  law  enanciated  by  Cumniiug  and  IlibcLia,  viz.,  that  lbs  mirmt 
Tariea  inversely  as  tlie  Bt|nare  root  of  the  di^taitcc  between  (be  pi 
not  ei>nfirnied  by  these  nuniWs.    With  the  wcaksBt  aciil  (I  nv 
oil  of  viiriol  to  100  uieiLeuro^  of  water)  tlie  current  at  tbo  dii 
44  inches  in  to  that  at  half  an  inob  aj  1  :  5;  with  the  stronire«t  acid 
mciLSureE  of  oil  of  vitriol  to  100  meaaures  of  water)  the  ra,ti»  is  m  1  : 
The  greatest  dimiQUtion  ecL-urG  in  all  camb  at  the  incpoua  of  tbe 
tanco  from  ^  inch  to  I  inch.    Tbo  anomaliu  wbiob  ooonr  In  Uw 
are  murked  with  ii  star  (Binlis.) 

SarfaM  (if  i/u  poeitive  metal. — A  moderatflly  rough  atnal^riMtnl 
plate  produces  the  strongest  action  ;  when  th«  plat«  \s  dlhrr  quiin  -rmt 
or  very  uneven,  Ibc  action  k  weaker;  in  ihfl  latter  case,  tvo  ntiirh  m 
cury  remains  in  the  hoUowe  and  interfcroi  with  tbo  action  of  ihe  ne, 
— When  amnlgnmated  sine  is  ccmatantly  used,  the  li»ptiriei<w  whiefc 
eontuins  accuniitlato  on  its  jnrfaee  and  weaken  tbe  netion  of  iht- 
hence  it  niuat  be  cletinod  oecwionally.  (Binks.)— When  a  plato  of  aiwd- 
gnjnated  ziuc  connected  with  copper  and  immcrM'd  in  iiiliil«>  nilphvrii 
acid  ba«  beeome  e«vored  with  buhb]e«  of  bydr*ifreii  xw,  tbs  ewrwpl  b 
iocreaved  in  tbe  ratio  of  2  :  3  by  removing  the  buhblrw  by  Bgltatloa.  aai 
thiift  incrcating  the  eiTetttive  siirfHcc  of  the  Einc.  The  cumnt  ia  nMl 
weakened  by  p]n«-ing  the  ztnc  i>late  in  the  horizontal  fKNiitloB,  irheifty 
a  ooni^idcrablc  quHiiLity  of  jjaa  i»  sutTBred  to  acriimnlole. 

ilaiuhtclmfj  potctr  of  the  conneetintf  wirr. — [Tbe  more 
negiitive  electricity  from  tie  ]iositire  to  tbe  negative  nielii]  i«  Hnpodrf 
b^  imporfct-t  conduction,  the  mttrc  ilo«i  the  electro-cbomiciU  aetin  Am- 
nuh,  and  the  purely  cbemioal  action  inercaaa.] 
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If  s  p^ir  of  sine  and  copper  plates  immereeJ  in  water  bo  ponnpoted  hi 
onu  time  hy  a  lliick  mid  ebori  wire,  at  anotlier  hy  a  very  thiu  and  l'>»g 
wire,  wliicli  offers  7U(I0  ttmee  as  tiiucb  resiBtano*  ao  tlit?  former,  the  quan- 
tity of  tLe  carrenl-  in  tlie  firsl  pIa«o  'will  h&  ti>  that  of  the  uicuiid  ne  I  i;  :  I  ; 
but  in  nJilute  eulfilmtic  acid,  ibe  ratio  —  iE*l  :  1.  (Fecbner.)  [Tlic  Biiiall 
qaaDtity  of  electricity  developed  hy  the  wat«r  finds  an  easy  fjoasape  even 
through  the  long  thin  wire, — hence  tbo  current  is  but  Biighlly  WMikcned  ; 
but  of  tie  large  qunntity  developed  by  tho  dilute  aciid,  only  a  Tery  sTiiftll 
portion  jfi[>i>es  through  tlio  ihin  wire.— hpn<»,  in  thia  case,  tho  ncgatiro 
electricity  set  free  in  tho  liuo  in,  for  the  moat  part,  tmnsferreil  diretrtly  to 
tho  hydrogen.] 

When  line  and  ooppcr  are  oonTiected  by  n  very  tbin  copper  vire, 
16,000  feel  long,  the  quantity  of  the  current  produced,  varica — acfordingly 
ae  the  metuls  are  itnmorsed  in  weali  or  etrong  nitric  acid  ((be  Iftlter  of 
which  likeni^e  cvnlTea  gUM  tin  the  eopper) — in  the  ratio  of  lOU  :  52. 

Tlie  copper  wire  which  connente  the  two  metalj)  gives  »  stronger 
current,  when  ita  conducting  power  has  been  increiued  by  previuui  igni- 
tiou.  (Binka.) 

^'aiure  of  the  ntnattve  mrfa/.— [The  preTious  asBumption  that  tbp 
•leotrie  current  ie  stronger  in  proportion  a*  the  negative  metal  employed 
iff  iDoro  decidedly  negative  towards  the  poailive  iitet^l,  17., — atrongeP 
with  silver  than  with  copper,  and  with  platinmii  than  witb  Bilrer,  ic, — ii 
not  fonod  to  b*  oorrect  in  all  eases,  at  leii*t  m  regards  Quanlitff.  Th« 
facility  with  wldcb  negative  electrieity  is  trangferrod  from  the  negative 
m«tal  to  the  i«paraled  electro-poBitivB  element  uf  the  liquid,  appcfira  to 
Vary  acoordiof  to  the  nature,  bo'tb  of  the  liquid  and  of  the  mctnl.] 

Zibe  in  dilute  sulpboric  acid  producer  a.  ett-ongcr  rurrent  with  cop^ter 
thnn  with  plarmum,  becAUse  the  latter  transfers  the  negative  electrlnty 
to  the  liquid  leas  readily  than  tho  former.  (Do  la  Hive.) 

In  ddute  sulphuric-  or  nitric  acid,  ami  in  solution  of  rommon  salt  OP 
caustic  potash,  tlac  gives  a  stronger  current  with  iron  than  witb  any  of 
the  oiher  metftls.  even  though  tho^v  ma^  ho  much  more  powerfully  nego- 
tive  than  iron,  (Poggendorfl.)  Likewise,  in  solution  of  nitrate  or  carbo* 
Date  of  pota«h|  Bine  gives  a  more  nhiiuflant  current  with  iron  thnn  with 
copper;  hut  in  pure  water,  dilute  hydrochloric  acid,  solution  of  sulphate 
of  soda,  carbonate  of  animotiiay  or  aabammoniac,  ami  in  alcohol,  it  give* 
a  Btrunger  currt-nt  with  copper  than  witli  iron.  {Putrina,  Ztittclir,  Fh. 
V.  W.  «,  281.) 

Charcool,  though  more  negative  than  platinam,  gives  a  wejiker  current 
with  zinc;  it  is  cou«iderabEy  improved  by  the  precipitation  of  pktiiiutm 
on  its  surface,  (Smee;  Comp.  Roberts  and  Poggciidorfl",  p.  350,  aod 
risnini,  p.  351.) 

Cmidilion  of  the  ttirface  of  the  nerfoiitx  tnntal. — [The  more  nnevsn  thf 
eiitfiice  of  th»  negative  metal,  Ihfl  more  aliiinlaut  is  tho  current.  The 
readier  evolution  ufgUB, — g.ff.,  of  hydro^u  g>u«— on  [iLcqunliticMof  enrfdrOfl 
(p.  271)1  ninsit  here  he  taken  into  aeoount.  Cuveritig  the  surfaco  of  ihfl 
iiegntive  motal  with  thin  fitm»  of  subdtabceg  having  lo«  conduotiag 
power  WOakene  tlio  oufretlt,] 

Whtn  the  oopper  connected  with  the  lino  hew  n  amoolh  surface,  the 
deflection  is  less  than  when  it  is  porfnnite.i,  bnit  in  vririoua  ways,  en- 
f^ved  in  snuarcs,  or  Euratoheri  with  n  tile  in  all  direetiona^  (Bi^^on,) 

Tlio  liydro>,'en  eecapus  moat  abundantly  at  the  (vdgea  and  anglew  of  the 
negative  metal.  Unignilcd  platiiiuin  or  silver  does  not  take  up  tho  tiiguid 
Bo  readily,  and  tbetafore  does  not  give  Bo  strong  a  flurrcnt  as  that  whioii 
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ba^  been  ignited,    Cbarcosl  long  expowd  to  the  sir  ie  l^a  efiKtmtfaa 

frwlily  ignited  cLnrcoiil.  Spongy  platinum,  or  filatinum  foil  co¥*ml  will 
plfttinuiT)  pow(]er,  acta  inori?  strongly  tliaa  emoolb  piatiDUm  foil  TW 
fclluwing  gubetnQc^B  immersed  in  dilute  salphuric  acid,  to  cont*ct  *dk 
amuJ^mated  xinc,  liberate  the  followiiig  tjuatititie^  of  liydro^m  g^t  a  i 
mittutfi:  Platinum  foil  covered  with  platinum  powder,  5  fubic  bdm: 
emooth  platinum  foil,  after  igtiitioD,  1;  tbe  eame  unignited,  pUti&u(4 
coke,  cotnmon  cuke,  ^  cub.  in.  If  tbc  liqnid  contains  oitrie  »aA,  wd 
cfinB«<{ueDtly  no  gaa  is  evolved,  tbe  correot  la  not  much  iucKAMil  by  At 
pulverulent  condition  of  tbe  Outface:  bence  it  is  the  more  rapid  eT«liiti«i 
of  gas,  and  not  tbe  extension  of  fiurfue,  that  cansea  tko  increue  in  tW 
current.  Other  finely  divided  metala  do  not  a«t  bo  powerfully  as  platan, 
with  the  exception  of  pallfLctinni, — which  however  does  not  prodaeeaBck 
eSect  in  the  spongy  state — but  when  precipitated  upon  platioani  or  dim, 
acta  us  strongly  as  linely  divided  platiaum.  Considerable  effect  is  pro- 
duced hyplatinuni  precipitated  on  palladtiiiii,  eilver,  or  pisted  tofpa. 
The  silver  or  plated  copper  (the  cop)>er  gurface  of  the  latter  being  eotmi 
with  raruieh)  ia  immorsed  in  water  acidulated  with  salphorie  add,  to 
which  «naie  euJutioa  of  chloride  of  platinum  been  added, — and  tee- 
neoted  by  a  wire  with  a  zinc  plate  coutained  in  a  porous  vessel  £llrd  vitk 
dilute  Gulphtiric  acid,  luid  immerBcd  iu  tbe  fir«t  mentioned  Said.  TIn 
latinum  attaches  itself  to  the  silvci>- provided  the  surface  of  tUu  iKt«] 
iW  beeu  previously  roughened  with  strong  nitric  acid — sq  strongly,  thtt  H 
cannot  le  removed  by  rubbing-  (Snjce.) 

Ignition  renders  D-  eop|ier  plate  inore  active,  by  increasing  its  era- 
ducting  power  and  removing  any  impurity — for  example,  the  grea^r  uf  tl* 
finger — which  may  be  attached  to  it. — A  plate  of  copper  thrown  in  a  sUie 
of  ignition  into  sulphuric  acid,  and  tteti  cleADcd,  exhibited  rcmarksUf 
•clivity. — While  the  circuit  is  closed,  tbe  copiwr  connected  ■ftitb  iiae  ia 
dilute  sulphuric  acid  iscontinuaUy  contracting  Impurities, — in  conae^Bcwi 
of  which,  the  evolution  of  gae,  and  therefore  also  the  electric  camal, 
Obiffcrs  conaiderablo  ditmnution.  If  the  qiiautity  of  bydrogen  g^a  evtiiwl 
on  the  Aurface  of  the  cepper  in  tbe  flrst  5  ntinutee  be  35  measnxn^  ikt 
quantity  evolved  in  the  second  equal  interval  will  be  33  meaenres;  in  lb 
third,  29;  in  the  fourth,  '24;  in  the  Hftb,  ITj  nnd  iu  the  sixth,  9.  OneJeu- 
mg  liio  copper  plalej  the  quantity  again  riBoa  to  33  nieoaurca.  (Bink*.) 

Rdative  exietit  of  mrface  of  the  nrtfativt  mrtal. — {The  grealrr  the 
Burracc  of  the  UL'gative  metal,  tbs  greater  also  i:i  the  facility  with  ■mhjuk 
the  negative  electricity  paseee  from  it  to  the  aeparnted  positive  eleousilaf 
the  liquid  (hydrogen,  metaJe,  Sie-), — find  tbc  stronger  thcicforg  ia  tbt 
currcDt] 

TIpo  HTirface  of  tbe  linc  pinto  remaining  the  wime,  tbe  quantity  of  iW 
ourrent  is  considerably  increased  by  enlarging  the  surface  of  th^  copf*' 
plate.  In  dilute  sulphtiric  arid,  tho  current  is  doubled  by  incr««aui|:  ikt 
copper  Burfiico  twofold,  trebled  by  incrciLsing  it  tenfold,  and  qaaiiruiM 
hj  increasing  it  tliirty-fold.  Eul&rginf^  tbe  zinc  etirfnce,  while  that  of  tW 
copper  remains  the  same,  producea  but  little  increase  of  tbn  carrvt 
[hecauae  this  relative  diminution  of  the  cf>pi>er  surface  incr«aM*  tW 
amount  of  purely  chemical  action],  Increased  thickness  of  tKo  Metal 
plaiL'jj  baa  no  effect  whatever.  (Marianim.) 

Incrctt^iiD^  the  sinrface  of  tbc  ne^tive  nielal  etrengtheiu  tbo  emmt 
noat,  v.'ben  tbc  chemical  action  in  weakest.  (Ue  la  Rive.) 

A  Kine  plate  whose  aurfacc  ift  cijiml  to  |  of  that  of  the  copper  phi^ 
gives  ae  etrong  a  ourteot  aa  it  would 


MOVEMtNTS  OF  MERCUBT. 


aai 


tliat  of  tho  copper;  but  if  the  wnc  eurface  be  BtiU  furths-r  ■fiiinitiialied,  the 
current  decreases.  (Mullins.) 

Tiie  greater  the  diatance  between  the  two  pintea,  the  gre&ter  is  the 
iiirrense  lu  the  quantity  of  the  current  produced  by  a  given  enlargement 
pf  eit!i«r  of  the  plates.  Tbo  distance  between  the  metula  being  4  1  inea  in 
OHO  case  and  9  lines  in  the  other,  and  the  dofleccioii  produced  when  the 
tvfo  pintes  ha.vQ  equal  surfac<efi  being  oesiinied  =  1,  tliti  foUowlitg  are  the 
deflections  obta-ined  9ii  inoresLeing  the  aurfaco  of  one  or  other  of  the  plates. 
CUigeoD,  Ann,  Chim.  P/tifs.  46,  80): 


Dbtance  =  4  inches. 
Zinc  iiirface.    Copper  surfaue..  DaflectioD. 


I 

1*13 

1-2 

H5 


DiHtimce  =  9  inchei. 


Zinc  nirbce. 
I 
2 
3 
1 
1 
1 
1 
1 
I 


1 
I 
1 

IS 

2 

3  5 

3 

4 

5 


DeRetMoa, 
1 

1-25 

1-3 

1-21 

1-  47 
166 
228 

2-  69 

3-  00 


Tbe  greater  the  surfnee  of  the  fiopper,  the  strialler  ia  ibo  qisantity  of 
hydrogen  gas  wbich  attiurbea  itself  in  bubbles  lo  tbe  t-nrface  of  the  aniaU 
fitnmttid  zinc  [the  sniiillor  ia  tie  amount  of  purely  chemical  action], 
Jiinkt. — Soveral  expenmenta  of  Binlts',  on  the  quantity  of  hydroj^n  gas 
evolved  on  tbc  copper,  according;  to  tbu  extent  uf  copper  surface,  add. 
likewise  according  to  the  distance  of  the  coppi?r  plale  from  the  amal- 
gamated line  plate,  will  be  found  in  tbe  Phil.  Mag.      12,  171. 

Mmemcnts  cf  meretir^  in  tAe  nmple  Galvnttie  c\rcti.it. — When  mer- 
cnry  together  with  another  metal  comes  in  contact  with  different  liquids, 
pecnliar  mutiona  of  tbe  liquid  aud  of  Bubi^tADcce  lloD.tiDg  in  it  are  often 
j.roduced.  [The  iniiuediuto  cause  h  doubtless  to  be  found  in  motion  pro- 
duced in  the  mercury  itself, — wlieli  motion  \s  u-ouiniunicated  to  the  other 
li([uid  and  is  there  more  easily  perceived.  But  the  caii*e  of  the  original 
motion  in  the  mercury  is  yet  to  be  diseovoreil  ] 

1,  Small  pieces  of  jiotaaeiuin  or  sodium  placed  on  the  surfivce  of 
mercury  covered  with  a  thin  film  of  water,  move  mpidty  a^bout,  rotating 
at  tbe  Bumo  time,  until  they  are  ojiidnted.  Ou  dry  mercury  in  dry  air,  do 
motion  is  produced. 

Pieces  of  an  alloy  of  antimony  and  potassium  exhibit  similar  eS'ecta, 
the  araaller  ones  rotating  rapidly,  those  of  greater  magnitude  revolving 
in  large  circles,  aod  oblong  pieces  of  still  greater  size  moving  b^ickwarda 
aod  forwiirds.  Tbe  motion  contintiCA,  till  a  lilm  of  oarbonnceoLis  matter 
and  other  imputitiea  (previously  oxistin^'^  in  tbe  alloy)  is  formed  cm  the 
surface  of  the  water.  A  few  drop^  of  ouric  acid  likewise  check  it  in  a 
gtea-t  degree. 

Small  pieces  of  an  alloy  of  bismuth  and  poLossium  move  abont  both  on 
mercury  covered  with  water,  and  likewise — though  mure  slow-Iy — on  the 
nakfMl  surface  of  that  metal.    In  the  bitter  case,  the  moisture  of  the  air 
comes  into  play; — for,  on  perfectly  dry  mercury  in  perfectly  dry  air,  no 
motion  takea  place,' — though  it  iiumcdiatcly  commences  on  the  addition  of 
I     frater.    Tbe  motion  in  Cummnn  air  likewise  ceasea  when  tbe  air  ia 
L^retooved  by  tbe  air-pump,  but  recommences  ou  its  reudniisKlon.  When 
|h|rateria  prcecat^  however,  tbe  motion  coatiiiuos  even  after  the  air  has  been 


exhitnatetl.    During  tbe  motion, »  Ma«k  Slii],  ooq^lcting  of  cbflMUdl  fd|l^ 

diviJed  biflitiu.t!i,riiud  babbles  of  Lyilrogen  gas,  is  fomietl  on  the  Mtftra  oTlb 
inter  and  ii>er<?ury.  This  fiini  ie  ptitiheiluiicle  by  Ui«  moving  pieon  uf  nwtil 
But  if  a  nietiillic  roii  of  bi^mtith,  sine,  tin,  iron,  ci>pj>^r,  braWi  oi  niUsr,  h 
di^fied,  not  merely  into  the  water  but  iuto  the  loeromy  mlxo,  iia  film 
quickly  collect*  around  it— eveti  from  a  comidcmblo  cliataQce— «Btl  bnfi 
ilsclt'  up  upon  it;^ — Eind  thiti  proceds  goee  ou  till  all  the  potamBn  m 
oxldiiteil.  Rode  of  wood  or  ivory  do  tiot  bttnMit  tbe  film  ; — the  auM  ii 
fberefore  electrical.  If  tlio  pogitivo  and  □c^tive  n  ires  of  s  batttf^  W 
inimerBeit  lb  the  WAter — in  alicli  a  manner  that  neither  or  onl^  one  of  tlir« 
may  toiith  the  mercury, — thu  film  collects  rnund  tbe  negative  wir?;  wHik 
by  the  positive  wiro,  it  is  alternately  attra«leil  ami  repelled  :  on  brjupnf 
tbe  poeitive  roar  the  negative  wire,  tbe  film  ia  driven  frcna  lb 

]att«r.  A  piece  of  the  alloy  of  the  she  of  a  pea  will  BOmetimt'?;  mtilnoe 
to  move  for  aevcrni  dnys. — When  the  mercury  ib  covered  with  eolulioD  J 
common  salt,  the  motion  is  slower.  If  a  metallic  rod  be  then  introdoord, 
it  flse.s  the  film  &nd  keepa  the  encloEed  pic<?es  of  metal  at  re^l,  luc^  u 
it  roiitinues  immersed.  Gas-bubbles  are  likewi^^e  evolved  apon  it- 
Pieces  uf  lend,  tin,  or  iron,  containtog  but  i^mall  quantities  of  potasnam. 
and  not  capable  by  tbcnieelveE  of  decomposing  water,  move  About  ui 
rotate  ou  the  surface  of  wet  mercury,  tbe  motion  beis^  qurdtcr  w 
pieces  are  smaUer. — Alloys  of  Bodiuni  witli  antimony  or  btsmvtk  Mm 
like'  those  uf  pntat^eidm. 

Tbp^e  mttUmia  prniMied  from  ttie  evolntion  of  by4rog«ii  gam',  for* 
alloy  of  nntipiony  with  »  larg-e  tjaantity  of  potdsfiinm  mov«a  a  Ihil*  »b(i 
eimply  pla{!«d  O'D  the  bnrfare  of  water  orak-olioU  and  always  In  a  din^tiM 
opposite  to  that  ill  which  the  gr^alvBt  evolution  of  gu  t&hc*  |dui.— 
Traces  of  hisnmtb,  tio,  lead,  copjier,  nud  -silver,  diseolvctl  in  merauT. 

Mpamtc  on  ihe  atldition  of  potassjiiin-iimali^in  «nd  wafer,  (leeaM  ■ 

evolatiun  of  hydro^^en  gna  lak.es  pinre  on  thg  biamutb,  Ste.  (AerallUiX 
P^V«.  m.  170;  98,  120i  Ann.  C'hivi.  Pky$,  ^,  I&2.— RnM 
Qilb.  28,  353.) 

2,  A  ijuantity  of  merciiry  in  a  baaJn  is  covered  to  the  Jt-plfi  of  a  t»e 
■with  solution  of  nmmon  salt,  a  Binall  cryBtal  of  wulplmle  of  mpprr  ptMeJ 
upon  it,  fiDii  an  iron  wire  m.idc  to  dip  llirou;;b  the  sohiiiun  inln  t\tt  wir- 
tary.  The  film  of  metsilic  chJoridefi,  whrch  had  previouBly  lonw^ 
itnnieJiiitely  splits, — ibe  merrury  becomefl  bright,— <ind  vorticnt  mucli 
arc  prodarcJ,  proceeding  from  the  (irysta].  The  rry»t;il  ^Iflv^8  mai  Un* 
it£olf  iibont  in  vartour^  directions, — diminishes  in  a^zc, —  anil  tlissoIrM  nd 
more  i^nicklv  (ban  it  wunld  if  the  iron  were  not  tboro;  when  il  teem 
ptetely  dir^solv^-d.  the  motion  cenJiiffi.  Vhen  the  crystal  loiifbe?'  tlw  m*miTv, 
It  ntoTcs  iibfiiit  tlio  Biirfiicc  in  circles  in  a  very  earioun  mannfr.  Zfw. 
liismutb.  lend,  and  copper,  act  like  iron;  antimony,  silver,  f;i>IH,  aaff  f4- 
tlnum,  on  tli*  contrury,  produce  no  effect.  When  ibe  m<>reurj  bw 
laed  several  time?  for  tbin  expcritnent,  and  thereby-  boc>otn«8  Itw^M  Hit 
copper,  the  motion  ie  produced  without  tbe  o^ii^umcc  of  iron  ;  Bodlalbt 

tame  manner,  copper-amalgnm  will  also  produce  it  without  Irtm.  Jili> 

cury  placed  in  contact  with  iron  and  solution  of  eommou  saH, 
rise  to  currents  in  the  f>ohitinn,  without  tlie  a«!«ia(An«>e  of  mrnfain  ^ 
copper, — hut  tbiH  mixtion  is  rcry  diUcient  from  that  jual  dMerlMi--M 
tbe  mercury  bo  pinced  in  a  copper  vessel  liued  with  hl(>tttu^-pa]Mr.  A* 
motion  i^  produced,  soon  as  the  copper  and  ntercorjr  arc  mDoecicJ  1^* 
platinum  wire. 

Sal-ammoniac,  chloride  of  potasBium^  chloiido  of  admrimni,  ttuf^ 
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chloride  of  cliroiujuiii,  and  protochloriile  of  iron,  iwt  tnacEt  leas  etrongljr 
tb&ti  cc>mmaii  satt;  cbloride  uf  bariuui  and  cblurido  ul'  calcium  &cl  on\y  in 
tlie  djliita  state,  and  for  the  mo»t  jmrc  but  fecti'ly.  iictioii  is  produced 
]}y  perelilorido  of  iron,  chloride  of  copper,  prokicEiloride  of  inercurT,  or 
cliloride  iif  platinuiii;  or  by  cblar^te  of  putH<-!i,  jorliiJt^  of  potas^iunij  suits  of 
aiilphuric  or  oitrk'  acid,  coac^ut rated  bydroclilonc  a^^Iil,  a.r|ueous  aoluiion 
of  tartariii  or  uxaiio  a-cid.  Id  dilate  Hulpburic  acid,  the  cryiatal  moves  at 
first,  but  ftutm  bef^oniett  covered  witb  a  red  coating  of  copper,  and  14 
brougbt  to  reat.  Dilute  nitric  apij  prodticp"  niotion,  merely  witb  iriLTcury 
and  iron;  hut  tbe  addition  of  Hulpbuto  of  «:opp?r  greittly  iiicreitSL's  tbe 
effect.  Sulpliate  of  copper  may  be  repliwed  by  pieces  of  cbb>rido,  notrate, 
o*  atetitte  of  copper;  witb  tlie  iirmt  of  these  wile,  however,  tbo  motion  Is 
ill  defined,  l>ec»iue  tlie  iwlaLion  ia  iwi  rapid, — acid  witb  tbe  l&^l,  beeaii^tiit 
h  too  lilow.  Qurate  and  pbuapbAte  of  copper  Act  only  ud  the  addition  of 
nitriii  n^id  to  the  tjioliitian  of  comm>i)n  aalt.  SaIis  of  hiRmuth  anbatitnted 
for  sulphate  of  cupper  produce  a  atL<^bt  motion;  salts  of  tin,  aatron^rone; 
Bulta  of  sine,  loiul,  mangunodu,  and  iron,  none  iit  a.11.  Nitmte  of  silver 
producea  rapid  mutioo,  if  diluto  nitric  a«id  bo  substitutud  for  solution  of 
comiuuD  salt.  (Runge,  fof/j^.  ^,  lOlt.) 

Mercury  containing  »  aniall  quantity  of  zinn;  in  jialatiuo  acts  powcf' 
fulty  with  iiulutioii  of  commuu  salt  and  solid  salpbat^  of  cioppor  witboat 
iron, — (jr  with  solution  of  corroeive  uublimataand  solid  corriwi po  subliraai* 
ll^t  e-ulpbiit©  of  uopper.  (Poggendorff,  I'offij,  S,  113). — Tlwi  atUilioo  of 
^^uydroohloric  or  eulplturic;  ucid  to  the  fiobition  of  conirnoii  ealt,  »cuelcrnttis 
^^Wie  motion  of  tbo  8ulp]>at«  uf  cop|icr.    A^^ain,  if,  in  place  of  the  crysui.1,  a, 
^Bftrop  of  i^olutiou  of  ^mfphato  of  copper  lie  ailded  to  tbo  solution  of  coninion 
^  Bait,  the  inc'rcury  a4.-i|uiros  a  trembling  motion,  which  ia  toniiimaicated  Co 
any  light  purtioleti  th&t  may  bo  Boating  iu  ttie  upper  liquid.  (Giik) 

3.  Wbu'U  a  drop  of  a  mixture  of  ordinary  nitric  acid  with  an  cq'ial 
quantity  of  water  ia  plact'd  Tipon  ni^rcury,  iC  spreads  itself  over  tba 
aurfucc.    Oa  dipping  an  iron  wire  into  the  mercury,  tbe  accJ  inijtrintly 
^  collecle  round  it,  while  a  jerking  motion  ia  ocvmmunicatod  to  tho  mercury; 
^^fin  wi  lb  dm  wing  the  wire,  the  acid  again  diifuses  itsf^lf  over  tbe  anrfat-e. 
This  phenomeuou  i«  not  eKhibit«d  by  bydrochlortc  or  sulpliurio  acid,  A 
globule  of  mercury,  four  lines  tu  dinmeter,  compJetely  covered  with  nitrie 
acid,  aeiiuire(«,  un  the  immersion  of  an  troti  wire,  a  violently  trcnmlnun, 
ttnd  oftfiB  u  fegular  rotatory  motiori, — which  ie  likewise  comiiiumcated!  to 
hj^  the  iron  wiro,  if  it  be  laid  En  tlie  pro]*r  direction.    The  inotioti  of  the 
weroury  ooDtinuea  for  a.  considerable  time,  tbe  wire  betn^  at  the  aanie 
time  fttroH^ly  aitacked  ; — 'and  aa  the  mercury  coinea  to  rest,  the  acid— 
which  grailuiLlly  aHciumes  a  greeitiah  brown  tint^ia  thrown  into  a  state  of 
violeni  rulalory  niution;  at  theeanie  lime  a  fi!in  rnllects  round  the  wire,  the 
leet  of  tlie  iner«!urv  reniainin;a:  bright ;  ami  when  tho  wire  is  withdrafcn, 
tbe  filin  epreiuls  itaclf  over  the  entire  unrface.  Zinc  and  cnflmiiim  cannot  be 
Bub&titutcd  tor  the  iron, — probably  heuflnjie  they  aniulgiimatp  too  quickly. — 
Thi;  U-tubo  (.'l/)|).  4)  cHitaiuing  mercury^and  uitric  ncid  bcin;^'  put  into 
the  iinn  i  ahovp  ibo  mercury, — aSeo  an  iron  wire  being  mnde  to  dip  into 
the  nieieury  in  a  and  aiiotlier  inLu  the  a*Md  in  h, — tbci  mereury  iu  It  falld 
half  ft  line,  whenever  tbe  projecting  ends  of  the  wiren  are  made  to  touch  one 
Hiother;bubbleHGrgiu'<  un*  formed  on  tbe  .^tirfiicc  of  the  mercury,  and  move  to 
snd  fro  every  time  the  circuit  is  opened  and  closed;  and  alwve  the  mercury, 
there  ia  formed  u  }freenif«h  brown  fKdntion  of  iron  (protonitratc  of  iron 
miitainiog  nitric  oxide),  which  ia  driven  to  the  top  when  the  circuit  U 
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eloaed.  When  sotntidn  of  (he  iroD  ultiinAtelj  tmkes  plaee,  ■llwi^ri  «iA 
tmlatim  of  gtu,  the  pe«uitur  plieaonieofr  dwppear.  (Rtuigv,  ^tf-  ^ 
95.) 

4.  If  B  ^lolinle  of  mercniy  at  the  bottom  of  &  aolation  of  rnmibM 
of  incrctiry  (whicb  liful  better  cuns'i^t  of  1  measure  of  a  solulioa  oT  sp-  p. 
I  prepared  iu  the  cold^  and  containing'  no  more  free  aetd  tlua  i*  worn 
inrj,  diluted  wttli  2  measores  of  water)  be  touched  vrilh  «  otxip  of 
tbe  tnercury  will  ran  up  the  ziuc  with  gr«at  rapidity,  tJwafidlAMi 
a^tD,  and  90  OD, — at  the  same  time  prodac'mg  eurrenta  ia  the  nlibn, 
either  till  all  the  zinc  '\a  deetrojetl,  or  tbe  raercanal  eolDtioQ  exhauled.— 
If  a.  strip  of  xinc  3  lines  long  be  laid  on  a  globolo  of  mercary  from  1  li 

Eine  in  diameter,  cunljiued  in  a  Email  saucer,  under  a  solntioo  of  tA- 
nitrat«of  Toen-ury, — thu  mercury,  as  soon  ae  it  has  wetted  the  sine,  begin 
to  move  by  fits  and  startii — is  viotetiily  thrown  to  ami  fro — and  pwwrtly 
ftrqniree  a  rotatory  motion,  ruuning  round  a  circle  |  of  an  inch  iadit- 
meter  at  leaet  thirty  timc^  is  a  miniile.    When  all  tlie  mercurial  solutioa 
is  decomposed,  or  a,  eufficient  quantity  of  zinc  ia  dissolved  in  the  nj^fT-t- 
tho  motion  suddenly  ^iopa.    Other  metals,  <.  ff,  iron,  Jo  not  prod', 
effect. — The  motion  etops  as  soon  as  tbc  mercury  has  disBoU-c  f 
it  may  tlicrefore  be  immediately  slopped  by  adding  ft  lilLic  tii 
to  the  mercury.    The  rotation  upp^ELra  then  to  defienil  im  tli-.-  i--.  ■ 
of  an  anml(j;itTii  of  zinc,  and  to  ceiui«  as  soon  a»  this  stihstance  ia  f-jr  n- 1 
{Runge,  F^jff.  16,  304^  17,  437.) 

2.    One  Metal  and  one  Li^id.  H^H 
a.  When  only  me  piece  of  Metal  eome*  in  contact  witA  tAe  Lig'miL 

When  dilute  sQlphuric  or  nitric  acid  ia  ponred  apon  irvn 
givicijT  rise  to  the  e%'oliitinn  of  hydrogen  or  nitric  oxide  gaa,  ncgalire  plie- 
trit,-ily  appears  ia  the  rcaidne.  (Lavoisier  &  Laplace,  CrtU.  Ann,  ITdH 
1,  S'll.) — Whi^ti  an  acid  is  dropped  on  an  oxidable  metal  tq  a 
ignitiou,  tlie  metal  becomes  ue^iive,  while  the  vapour  ei^hihita  pcailin 
olcctricity.  (Ho  la  Rive.) — When  pulveriicd  nitrate  of  copper  is  vi^pi 
up  in  tinfoil,  dccumj^iosition  ensues,  attended  with  emissiun  of  aparicini 
evolution  of  tTMs, — and  negative  electricity  appears  in  the  r«aiut^|» 
duet.    (R.  B^ttger.) 

[ML'Iala  during  oxidation  give  out  negtitivc  electricity,  whicb  Mrt 
be  taken  up  hy  the  hydrogen  or  nitriio  oxide  gas  cvolvotl.  But,  io  c«M^ 
(juence  of  the  nipid  croluiiun  of  this  tmnt^rercnce  of  olectricily  b  Mt 
complete;  the  gii^^ee,  therefore,  take  the  required  t)uaiitily  of  mgatp* 
electricity  from  the  electricity  wiiich  is  in  the  latent  etatv;  andlHtM 
they  fl.p|iear  pc^Hitlvely  dectrltied,  whilet  negative  electricity  appwi  ii 
the  residue] 

6.  Wh«n  two  picas  of  the  aamt  Melat  dip  into  <>H<  l^iquid. 

The  two  j>iecea  of  metnl  being  connected  by  a  ^''-Iva.notnetar,  a 
current  is  produced,  in  tliotie  caacs  only  when  soiO'e  difTerence  oxi*ta  ia  (!■ 
physical  cbaraclcr  or  in  the  fiurfoce  of  the  pieces  of  meluJ,  or  in 
poraturc  or  co^lpo^itiua  of  the  liijuld  iu  ditlcrent  parts. 
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of  xinc  in  uliluto  siiljibuFic  (totil  is  a^ff^lUvQ  towartia  tlie  same  metal  bRr- 
<lene<l  as  itiiicli  as  possible  by  hammering.  Soft  steel,  on  tbe  eotitrary,  id 
positive  towarJn  bard  atccl.  (Ritcljie.)— Spongy  platinum  in  diliite 
Bulpliiiric  or  nitric  acid  is  iiegfttlve  towaruF  plotinuin  wire.    ■(Do  la  Rive.) 

Difereut  magnitmlg  ami  amootfiness  of  surface. — If  a  Bmall  pieco  ot 
zinc  foil,  and  another  piece  twenty-four  times  as  large,  ate  immerflecl  in 
cold  dilute  acifl,  the  former  is  poaitive;  but  in  Btronger  acid,  especially 
when  liciLted,  the  larger  piece  is  positive.  (Vlict  k  Haaxniana,  Jf^  Sr. 
Aithiv.  3,  131.) 

If  the  surface  of  a  zinc  plate  bo  incrcELSwl  twofold  by  cutting  into  it 
wIlIl  ii  file,  thia  plate  will  be  strongly  uegiitivo  in  nitric  acid  towarda 
another  of  the  same  size,  but  having  a  amootls  surfaeo, — although  tbe 
Toug-h  plate  ■will  be  most  rapidly  oxidated.  (Uitchie,  JV.  Edinh.  J.  of  Sc. 
t,  150.) 

In  water  containing  but  a  amatl  quantity  of  sulphuric  or  oitric  acid,  a 
large  zinc  plate  negativo  towards  a  «mall  one.  With  a  larger  i^unnlity 
of  add,  and  particularly  when  the  liquid  is  heated,  the  current  goes  tbe 
TOittnipy  wn-y.  (Oerstedt.) 
*  Whether  the  pl^tee  are  e<|i3al  or  unequal  in  atze,  they  give,  when 
simultiLneoii§ly  iiinneraed  in  acidulated  water,  either  a  feeble  Current 
whieh  won  ccumb,  <jt  no  current  at  itH,  In  dllutn,  fl-a  w&31  as  in  mode- 
rately strong  Bolphuric  awid,  the  narrower  zinc  plate  is  almoat  always 
negative, — rarely  positive.  The  current  appears  to  be  produced  only 
wlien  tlie  two  plates  are  not  immersed  exactly  at  tto  same  time,  (Weti- 
lar.) — Walcker  also  did  not  obtnin  any  fiatisfactory  reeults  with  plates 
of  different  sizea,  and  having  surfaces  of  different  degrees  of  amootbness. 
I    [Cotnprtre  Zandioni'e  piles  with  two  elements.] 

"  Dif'vmee  in  clarnlinesa  of  mtface. — Copper  covered  witJi  oxide  is  ne- 
gative, in  eelution  of  nitrej  towards  clean  copper,  (Becquerol.) — In  dilute 
Bulphuric  ncid, — zinc,  tin,  lead,  iron  and  copper,  oxidated  on  the  flurfacc, 
arc  negative  towards  the  aame  metals  with  bright  surfaces.  (MariauiDi.) 
— Zinc,  tin,  iron,  or  eojijiur,  after  being  heated  in  tLo  air  till  it  tarnishes, 
ia  negativn  towards  bright  metal,  iu  neid,  alkaline,  or  saline  liquids, 
(H.  Davy.J — In  hyilrosiilpliato  of  potash,  copper  covered  with  sulptmret 
is  negiitive  towards  clean  copper,  but  positive  towards  the  same  metal 
Ueatwl  in  the  air  till  it  has  become  t,irnisbed.  (H.  Davy.) — Tin  which 
haa  becume  dull  by  immersion  in  nitric  acid,  ia  negative  in  solution  of 
potflah  towards  clean  tin, — but  exhibits  a  positive  reaction  afier  the  latter 
ha3  also  become  dull.    (H.  Davy.) 

In  dilute  Bulpburic  acid  or  sulphate  of  soda,  copper  wire,  previously 
immersed  in  solution  of  blue  vitriol,  ia  negative  towards  ordinary  copper 
wire.  So  likewise  ia  copper  wire  wliich  has  been  immersed  in  nitrate  of 
Copper,  towarda  ordinary  copper  in  nilric  acid.  In  hydrochloric  aeidf  pla- 
tinum wire  covered  with  chloride  of  platinum,  is  negative  towards  the 
mme  wire  in  its  ordinary  litate.  (Walcker.)  [In  these  casca,  the  com- 
bination  of  the  envclfijdng  liq^tiid  with  the  eecood  liijuid  must  also  ba 
tiLkcit  into  consideration.] 

Difertnt  times  if  immevBton. — When  two  equal  pieces  of  the  sftme 
metal  are  immersed  in  one  of  the  following  concentrated  solutions,  tJie 
piece  frgt  imiiimed ,  le,  according  to  Yelin,  positive  or  negative, — and  pro- 
ducer various  degrees  of  defiectioQ,  as  indicated  by  tbe  sign?  and  numbers 
in  tbe  foUuwing  table. 
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HquidB, — In  tlie  oaan  of  silver  or  polladluEii,  na  the  coutrary,  the  piece  fir^t 
imiuersoJ  is  paaltive,  becauee  sulplmret  of  sitver  (or  fiulpliuret  of  palla- 
diiiin  )  is  more  positive  tha.u  tlie  purometa!.  (H.  Davy.) 

or  iwii  ])l!itea  of  ]«a.d  or  Irou  imiueraeil  ia  cuutJi^Dlratcd  uUric  S£\if  the 
one  lir^t  inniicraeiJ  'is  nsgntive  tuwards  tho  oilier.  (Mariaoiai.) 

In  nitrato  of  silver,  the  first  imtuordcd  pLate  of  iroQ  U  vary  weakly 
negativp,  (Feclincr,) 

The  plate  of  brass  ur  capper  first  Immersed  iii  nitric  axsid,  tie  plate  of 
copper  Srst  immersed  in  ammoiiiu,  aud  tha  ])lale  of  platiLuui  Uriit  im- 
tnertieil  in  aq^ua  regia^  is  pouitive  towards  tlie  one  la»t  iiuoiepBed.  (fieo- 
querel.) 

Ia  tliG  yeilow  aolutiou  of  tulptiuret  of  jiotiusiuni,  tir«t  ono  aud  tlien 
the  either  piece  of  copper  or  elU'er  is  positivo;  aud  nt  the  momQnt  of 
olimige,  a  dim  of  sulpljurut  forms  on  tti«  uuo  wliioli  becomes  positive. — 
The  idectrie  j^tatos  of  two  pieces  of  sjlver  iuimerjied  in  hydrocbloric  Liciil 
likowitjo  exporienc-u  fiuddco  clmnj^cs.  (Funidny.) 

When  two  plates  uf  jfaid  niQ  Bucoes&irely  immerBod  in  oiiriQ  acid 
oontaiuiijj^  a  littlei  hydroci4lorii.'  acid,  th^  one  dret  immersed  is  negative. 
So  likewise  with  pl&tinuojj  ojcceptig  that  the  curreut  ia  sttouger.  (If 
ibeo,  gi)Id  he  immersed  firxt,  aud  phitlnura  afterwards,  in  aqaa.  regi»,  tUe 
gohl  wil)  be  less  positive  th&u  wlien  it  is  immeraed  last.)  Mar'tanini. 

Th«  first  iuiiaersed  pla-tu  of  platiuum  ia  positive  towards  the  second 
in  siilphurio  acid,  hydrutlloiic  acid,  nitric  acid,  aqueous  solution  of 
potaiiL,  aoiutioQ  uf  cuiumou  sait.  spring  water,  or  acetate  of  l«ad;  uti  the 
ctiotrory,  it  is  positive  iu  autjihurous  acid,  Hiilpliq,te  of  copper,,  oitiate  of 
Bilvur,  a.nd  solution  i>f  iiver  of  sulphur.  (Fechuer.) 

[Tho  causes  of  the  tleelMC  current  prodaced  on  ihe  huccobbivO  tnimer- 
fiiou  of  two  pities  of  tho  same  mt:tal  iimy  ho  the  fullowtn)'.  (I.)  Tbs 
piece  of  motu.1  lirst  immersed  ie  freed  by  tho  aotioti  uf  uu  acid  frotn  a.  dim 
of  oirido,  aud  tliue  renderc-d  more  positive.  (2.)  Ila  surface  ia  roughened,^ 
and  thereby,  both  the  Bftion  of  tho  acid,  and  po&'^ibly  also  thu  direct  paa~ 
of  the  negative  eloctricity  to  the  electro-pusitivo  cluuieutof  tholi'juid^ 
fai^iliuited.  (3.)  Negative  ufettricity  acetimulalos  in  the  pii'to  first  im- 
mer-ei'd, — and  thereby  an  olectrie  current  is  excited  in  the  direetlon,  which 
makes  it  appear  positive.  (4.)  Tho  pleco  first  immersed  may  hecoma 
coated  with  foreign  suhiitunceK  (irou  and  tin  iu  uitric  acid  with  oxide, 
zinir  ur  load  iu  oi!  of  vitriol  with  a  tnetalliu  talt,  copper  In  sulphuriit  of 
poia.saium  with  Bulphiiret  of  copper),  which  weaken  the  ootiou,  and  tliua 
render  tlie  metal  uegativo,] 

Motion. — If  two  piceo£  of  tin  immereed  iu  dilute  sitrio  &<ud  give  no 
current,  or  if  the  one  last  immersed  is  ]K>Bitive,  tito  other  may  ho  made 
|xieitive  l>r  agitating  tho  ji<^uid.  With  hydnwhlohc  auid  the  aoliuu  ia 
weaker,  (Faraday.) 

Jluhliiug  Qoo  of  the  pieces  of  metal  always  makes  it  positive,  «Toii 
whpri  all  riee  of  temperature  ia  avoided.  (Walckor.) 

[The  motion  may  free  the  metal  from  adhering  oxide,  or  from  Ui^uid 
partly  (saturated.] 

When  two  platitmira  wires  are  immersed  in  u  mixture  of  1  ]tart  h^rpo- 
Ditric  acid  ami  1  part  waterr  snA.  the  current  at  first  excited  entirely 
ceases  after  a  few  seconds,  either  of  the  wires  may  be  reiidereJ.  negativo 
by  taking  it  Out  of  the  li(]uid  for  a  second  ami  dijiping  it  in  fleain. 
(Ffiradny.)  [Tlie  acid  takes  Up  oiygen  wlicn  exposed  to  the  air;  and  the 
current  ie  prohubly  due  to  the  uixturo  of  acid  thll4  altered  with  the 
rest  of  the  liquid.] 
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Diferen&e  of  itm^maHre. — If  an  irou  Cytindfer  li*»ftlrt!  al  iLt  Um 
end,  n)i<I  also  acokl  iron  cy]iDcl«r,  are  imtuerseil  in  Water,  tlie  coU ejUttJit 
becomes  positiY6.  (Ritchie.) 

If  two  wires  of  tlio  sa,niQ  metAl  are  luntle  to  dip  into  a  cnm^ 
(App.  5),  in  OTje  arm  of  which  tlie  liquid  lifts  previously  becD  Wai*J,  lai 
Dolh  are  kept  moving  at  tho  snmo  rate  (for  oth^rwii^e  tlia  iti(4al  mm 
quickly  Tnoved  would  always  lie  positive;  and  if  Uotli  wrro  k«p4«ull,  Ike 
Luatefl  Gide  of  the  liquid  would  alono  be  ugiUitcd  Ity  the  boiliug).  Uk  Itk^ 
lowing  resnltfl  are  obtained, — according;  to  Faraday:  fl 

Iti  dilute  sulphuric  acid  (1  part  oil  of  vitriol  to  80  part*  -vni/tr) — 
cadniiuni,  tin,  lead,  or  iroD^  in  the  heated  ariti,  is  8trc>n;:ly  and  iiwrt* 
rupteilly  podtivej  but  after  sonic  time,  hot  zinc  and  copper  Imsom 
slightly,  nnd  hot  cadiuiam  mure  strongly,  aegativc. 

In  dilute  hydroL-hloric  acid  (1  measure  of  acid  to  39  of  wrnUr).!*! 
sine,  cadmium,  tin,  lead,  or  iron,  is  strongly  positive. 

In  dilute  nitri<;  acid  (1  nienauro  of  ncid  to  30  of  water),  Iiot  ilM  ■> 
more  strongly  positivo  than  in  dilute  sulphuric  acid;  bot  liDr.c^ 
per,  and  silver  are  very  feelily  ptiaitive,  and  only  at  the  firat  iMUii 
Hot  cadmium  ia  at  first  slightly  negntive,  afterwards  slightly  poBlitft 
theti  uttnoat  ceuLral.  Withleiuf,  no  current  \a  pnndticed  at  first;  ah* 
q^iietitly,  the  hut  piece  becomea  ue^tive,  and  remains 

la  conc^ntrat'ed  nitric  acid,  but  iroo  (irhich  at  tfaq  m»e  time 
an  evolution  of  gas;  6ni.)  \s  iioeitive;  both  enda  become  passive. 

In  solution  of  potash, —  act  zinc,  cadmiutn,  tin,  iron,  or  <w^|Mff, 
stronjLdy  and  un inter niptodly  positive:  a  quantity  of  protO'K^e  i«  ^iMMflf 
formed  on  tlic  irnn,  diHusi?^  itaelf  through  tho  liquid,  and  paanttvH 
Btate  of  peroxide.    Hot  lead  likowiBe  appears  poeitive,  but  with  a  miii^ 
start,  03  if  it  wero  negative  nt  the  tirEt  moment  of  imntcreion. 

Id  eulphoret  of  potassium,  conccntratud  or  diluted,  hot  Iron,  taf^ 
at  ailrer,  is  positive.  A  dim  of  eulpEiuret  formv  chiefly  on  the  but  nral 
and  thus  diminishes  \\\*s  oetlun.  Zinc  and  ciMlmiuin  give  no  cumvt  * 
first;  afterwards,  the  hot  piece  becomes  stryn^ly  nqgntivp.  Hul  Iwdi*' 
tin  are  elightly  nejB'ativc, 

With  sopic  e^ieeptions — due,  perbaps,  to  pure  chemical  arti«<i— 
hotter  mctid  ia  poaitive*  because  tho  ijtrongest  action  is  exerted  upon  il 

Mctalt)  which  iLfe  not  acted  upon  h^  a  liquid,  produce — ^when  immrn*^ 
in  EV  portion  of  thiit  litjiiid  iino<jually  heated — ultlier  no  currents  «rn!j 
feeble  ones, — probably  of  a  thernio-electrie  nature  for  the  rnoet  pari  ^* 
carrcntfi  are  produced  by  ^old,  platrmim,  or  aitver,  in  dilute  folp*** 
acid,  or  by  platinum  in  diluto  hydrochloric  arid.  In  strong  bydmU*' 
scid,  hot  platiiiam  is  vi'ry  feebly  negative.  In  dilnlo  Ditric  acid,  pUti«" 
gives  no  current,  pallatlinm  and  gold  s(»rcely  any.  In  y«^]1ow  c«aA 
Irntcd  nitric  acicl,  hot  platinum  ia  negative,  pruducin;^  a  at*ltcrtion  af  !• 
in  tbo  onuige-c&loured  ucid^  tt  is  al^o  negative,  tho  d«tterli<in  btdi^M'- 
In  HtroQg  eotuiioD  of  potiuuli, — hut  Bilrer,  gold,  and  platinum  are  d%h4 
poBLtive.  In  solution  ofRuljihurct  of  potaaaiuin,  but  platinum  ia  D«gs**< 
palladium  givea  no  current,  (l-'araday.) 

8,  Ttoo  MeUjlt  iouchins  oj*^  anotftrr  wiiA  iwo  Liquid  Umdtuig  mt 

another. 

In  tbeae  oxporimcnts,  the  nppamtiia  {App,  2,  3,  4,  A,  S.  7,)  dcMflM 
(p.  32I)J  are  n»od.  Ono  of  the  metitU  with  one  of  tbo  liijoitls  ^ 
t'TiHofi^d  in  a  bUdder  or  a  vcajwl  of  unglaiad  earthcuwaio^ 
morscd  in  the  otbor  Itt^uid  containing  the  other  metal. 
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Tke  two  Liqiiids  are  of  the  tamt  Naiurr,  lirf  of  diftr-mt  degrees  of 
ConcentTOtion, 

Fnmday's  Experiments:  Svlpkurie  acid.  Cadmiam,  in  oil  of  Titriol 
or  dilute  eulpliuric  iicid,  ia  positive  townrds  lin  and  iron  in  the  same  acid, 
(111111?  or  concentrated.  Tin  aleo  ia  in  both  atses  positive  tywarda  iron; 
iron  towanle  copper  and  silver,  and  copper  towarda  silver,  but  in  different 
degreeH.  Iron  alaoj  when  imraereed  in  weak  acid,  is  much  more  atrongly 
positive  towiirds  eiivcr  immersed  in  oil  of  v  itriol,  than  iron  in  Ftrong,  to- 
tranls  silver  in  weuk  avid.  On  the  other  hand,  eine,  tin,  and  lead  are 
most  atronglj  poeiitive  towards  silver,  when  they  are  immersed  in  oil  of 
yitriol. 

jyUric  acid.  Zinc  in  etrong  acid  is  slightly  positive  toTvards  copper 
or  silver  in  weuic  acid ;  sino  in  weak  acid  ia  highly  poaitiva  towards  cad- 
miiiii],  tin,  iron,  copper,  or  silver  in  strong  acul-  So  likewise  cadniium 
in  weak  acid  is  strongly  positive  towards  tin,  lend,  iron,  copper,  and 
silver,  and  moderatoly  towards  zinc.  Tin  in  dilute  acid  i8  poaltive 
towards  zinc,  lead,  iron,  copper,  and  nilver, — and  neutral,  or  feebly  positive, 
towards  cadmium.  Lead  in  dilute  aoid  ia  positive  towards  zine^  cadmlnnij 
tin,  iron,  copper,  and  ailver.^ — Iron  in  weak  acid  is  positive  towarda  zinc, 
cadmium,  tiOr  lead,  copper,  and  silver. — Copper  in  weak  acid  ia  positive 
towards  tin,  lead,  iron,  and  ailvcr,  and  slightly  so  towards  cadmium. — 
iSiEver  in  dilute  a«id  is  positive  towards  lead,  iron,  and  copper,  and  feebly 
poailive  towards  aiuc  and  cadiniuni:  [The  conceotrtited  acid  reudora  the 
othcrwiae  positive  metals  negative,  by  covering'  them  with  a  film  «f  ox-ido 
uitmto.] 

Solution  of  potash.  Zinc  is  puBitivo  towards  cadniiam,  tin,  and  lead, 
rlicther  it  be  immersed  in  the  atrung  or  in  the  weak  EolutioD  ;  »o  likewise 
llD  is  positive  towards  eadinitiin,  and  cadmium  towards  lead, — but  inoet 
rongly  when  tite  cadmium  is  placed  iu  the  stronger  solution. 

The  strong  electric  currents  here  spoken  of  do  not  arise  from  the  oon- 
C't  of  tke  two  Jiijuids :  fur  when  a  cuuple  of  platiuum  wires  are  laimerscd, 
bo  current  is  scarcely  perceptible.  (Faraday.) 

ft.   The  two  Liquids  are  of  difertnt  Naivrtt, 

The  liquid  which  iouches  ihe  negalive  metal  is  an  a^ia^i. —When  liac 
)  placed  in  dilute  acid,  and  platiniani  in  stronp  fiolutiun  of  potasli,  the 
inc  becomes  positive — hut  much  lesa  strongly  than  when  the  zinc  is  placed 
Ii  the  jKttasL  and  llio  platinum  in  the  ivcid. — Tin  introduced  into  this 
citeuit  iu  place  of  plLitiiium  bccunics  poeitivo  e%*en  towards  the  kIilc.  (K. 
Davy,  Faraday.)  Similarly,  lead  becomes  poeitive  tovvards  tin  when 
the  /omier  ia  immersed  in  potaah^  the  latter  iu  dilute  eulphuric  acid ;  the 
metal  in  the  acid  remoina  bright,  that  in  the  polosU  is  utlacked.  (Faro- 
day.) 

[  Zinc  in  Eolution  of  nitre,  and  platinum  in  eolution  of  poloNli,  produce 
ft  atrnng  ciirreutj  capable  of  deeonnpoaing  iodide  of  potassium,  cldoride  of 
tin.  and  Eulphate  of  soda.  (Faraday,)  [The  oiide  of  zinc,  aa  it  forms, 
takes  up  the  potash  of  the  citre;  and  the  nitric  acid  ia  carried  by  transpo- 
sition to  the  free  potash.] 

T/tff  liquid  in  cnniact  with  Out  ntpaitve  metal  u  tea-veaer. — If  the 
cup  h  2)  contains  sca-water  and  copper,  whilo  a  contains  seo-watci: 

nud  iron,  the  cups  buing  counceled  by  a  bundle  of  threads,  and  potash 
being  gradually  added  to  the  sea-water  in  a,  the  f&Uowiog  ctlccts  ate 
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eerred  r  Wbon  a  small  quantity  of  polaab  19  preseot,  a  little  ol  tlte  im 

diffolrpji,  ttQ'l  tto  copper  w  coinplelely  i»rotec*o<J  ;  wbeo 
pota&li  becomes  greater,  peHfier  iron  nor  copjwr  is  tlUevlred;  mad  «bi  ■ 
8till  greater  <(naiititT  of  potash,  the  rupper  becomea  poHtire  ud  il^niMi. 
the  iroD  does  not.  (H.  Davy^.) 

Thf  liquid  in  coniad  irith  ittt  negatitv  ItUtat  it  tliltttt  atH^'Vihek 
line  U  placet!  In  aqaeoas  s&lation  of  potaelif  and  copper  id  <UI«t«  mni,i 
yery  «trong  current  is  proJticeJ.  (H.  D:tvy,  Berz«]tu^  \V»IrkiT.J  A 
feebler  current  is  ^xciteii  when  neiitrul  compouml  of  tUe  acid  anil  ftlkkli 
is  interposed  betwenn  the  Jiiiic  and  roppcr,  and  the  f«M4»I.«<  of  nil  trbi 
the  arran^emeDt  19 — rioc,  iwrid,  alk&li,  copper.  Tlii- 
stanfea  alwa^'s  arises  in  tlie  course  of  the  action  of  ;i  .  ,J 
continently  tlio  current  is  constantly  ditiiinijihiTijf.  li 
eIuc  ia  iiiimersed  in  water, — and  lend,  iron,  copper,  or  Lr  i  iUl« 

phurlc  acid, — t)ie  zinc  is  positire. — So  likewise,  lead  iiimuTsvil  in  (raia  • 
positive  towards  iron,  coppcfj  or  brass,  in  dilute  ^ulptiurir  aeid.  Xvnf^ 
theless,  the  metals  immerged  m  the  acid  are  always  the  matA  tflnaA 
attacked. — If  zinc  \b  inimereed  in  dilute  eulpburii;  acid  (1  oil  ^ 
6  water),  and  pEntinum  iii  water, — or  tlie  vontrarv, — tho  kEoo  u  tUtmjt 
pwitive,  and  produfies  tfiQ  nicnie  deflect  1011,^ — altWugb  it  vs  omcfc  Ml 
etrongly  attacked  in  tbe  acid  tlimi  in  (he  witter,  i^iimlariir,  ane  HfM- 
tiTO  towards  Bilver,  and  fdvea  the  enme  deflection,  wbctn«r  A*  miil 
iiTimersed  in  M  ater  aud  the  silver  in  dilute  nitric  aci<l,  or  the  oocaan 
The  snnie  takes  pEace  with  ziuc  and  iron,  >ir  grapfaite.  ( M&riuiini.)  [Tm 
fet'bEe  current  whieii  zinc  produces  in  wtvler  ea^ity  hrin^e  alwul  »  lisHf*- 
silion  of  atoin<j  lu  the  ncid  liquid;  the  strong  currcut  which  Xiar 
excite  vlivn  iminer^d  in  dilute  iicid,  is  for  the  moat  part  arrested  in  VBW 
—and  (lie  violont  action  between  the  ainc  aitdl  acid  Wognies  in  grfltl|M 
purely  chcmieaE.] 

Zlite  in  a  solution  of  potash  or  chloride  of  calcium  (Berxclin*'),  ah 
pure  water  (De  Ja  Jtive),  is  [ju-iitive  towards  copper  in  nUri<-  ucid,  kltb^^ 
the  latter  U  the  meet  strongly  attacked.  As  long  as  the  sine  itnMrmJ 
In  potash  or  chloride  of  calciiiiu  is  not  eonneeted  with  the  cnpiKr.  A  WiA 
cfferveaceoee  tnkea  place  oti  the  enrfacc  of  the  latter,  the  »iuo  reatoBnC 
elcan.  Bub  wtico  the  (-trenil  is  completed,  the  sine  imiii'ccl ii%|«]y  bfooa* 
tnrnislied;  the  evolution  of  giu  nt  the  surface  of  the  copp«;r  ceaBtw;  ud  Ik 
copper  previonsly  dissolved  ia  precipitated  on  it.  J^uch,  nt  letsl,  b  Al 
csflc  when  sevprni  pnirs  of  these  metiile  fire  united  together.  (BtrvIM 

De  la  Rive,)    [The  jrreater  affinity  of  linf  for  oxygen  giv*«  rise  »4i 

sine  ia  connected  with  the  copper — to  n,  transposition  of  ntoma  In  0*t» 
liquid*:  the  oxygen  and  acid  go  to  the  tine;  the  alkali  imd  hydncA 
together  with  copper  previously  dis?olve?d,  to  the  copjKT.] 

When  bard  Bud  soft  copper  are  immersed  in  water,  tho  former  p 
tive  (p,  08.5);  bnt  if  a  Hulo  sulphnrie,  nitric,  or  hydruchloric  •di** 
ititroduceil  into  tho  water  containing  the  hard  caliper,  tbt3  Jjluia 
imijiciliately  incrra^es:  on  the  other  hand,  the  addition  of  a  litUehjpf 
nitric  acid  enusc"  it  to  diiainish;  and  when  a  larger  quntitity  b  w{M|i> 
nirretit  is  reversed,  (Ritchie.) 

f^e  ii^uid  ill  cmitact  mth  (fie  m-^rtfiV  metal  is  oil  ryf  x'itrM.  WJ» 
sine  iiS  immersed  in  conecntrated  nitric  acid,  and  ropprr  ia  oil  tf^iM 
{App.  i),  tho  copper  ia  stronjily  positive;  1'. {aerrn-Jing  to  }>>  Uti^ 
positive  electricity  goes  from  tlic  Kinc  throittrh  the  ir%K-anoni«(vT 
copi»er. — which  cireum^itanco  3a  atlrilinted  by  I>o  la  Hivpto  tha  JBrf? 
which  Uio  poaitivQ  electricity  fiuds  in  pusGing'  fhjm  tho  oil  of  ThrioLMll' 


BtDctal,    AcCoTiling  to  Marjanlni,  on  lliu  contraiy,  the  aino  in  Btrongly 

I'ht  fi-juid  in  <ro»*(jrf  witii  tkt  negative  tiurial  ti  etrvn^  nitric  aeid.-^ 
B  2luc  Iteing  iinmerwd  in  oil  of  rittici!,  and  copper  iu  strong  nitric  a^iJ, 
^■<f^JDf>.  +)  tup  Bine  19  pdsitire,  thougli  tlie  popper  is  moflt  strynj3'"ly  atta-ckBd. 
^■TU?  current  is  however  not  so  strung  as  when  tlie  2ino  is  placed  in  njLric 
|^^(?id  aiid  Ihn  copper  ill  oil  of  vitri<»l;  (see  aboreji.    Do  In  UWq. 

If  an  oTit-er  Tosscl  oontaiua  atroug  Qitric  aciil — or  a.  mixture  uf  eqtial 
^^terl«  of  sftoii^  nitric  acid  and  oil  of  vitriol,  wliish  works  etjitally  well, — ■ 
■illid  if  in  this  liquid  tliero  ts  iniiiicrecd  a  {iliit^  »f  pla^tiilliin,  aoA  h  vessel 
porous  cart Ijfii ware  toiitaiiiiug  an  rnmlgnmntt'd  eihc  nlato  and  filled 
wilU  one  of  tlie  following  liijuide — wliicli  are  cniiuierntcd  in  the  iaverso 
order  of  the  Btrt?iigth  of  their  nctiou  {ditule  liyilrofliioricjieid,  livdnjirlilorio 
■eid,  sulpliurifl  iiciii,  pliijflphorio  iwid,  solution  of  potasli — which  howerer 
fltopa  up  tlie  pores  of  the  eiirtben  vearel  with  cryetalliued  nitrate  of  potaah 
— *odaj  comniau  saJt,  nitre,  chloratti  uf  potaalij  iodide  of  putasaium,  spring 
^irater,  rnin  -wiitcr,  iliatillcd  wiiter), — a  very  powcrfui  electric  current  ia 
iroduced.    Tho  dilute  hydroelilorie  acid  cunsists  of  1  part  of  concen- 
ited  acid  and  from  2  to  2^  {Kirt«  of  water;  tku  dilnte  sulpliurie  acid,  of 
part-  oil  of  vitriol  and  from  4  to  5  parta  waten    When  the  circuit  ia 
BloBcd,  tlie  nitric  aeiJ  turua,  fiint  yellow,  theu  green,  tiion  bluifl, — afterwiirda 
3mea  CfllourlcHS  and  evolves  uitrtc  osidc — and  finally,  IiydroijeL  ^as  at 
the  aurfuce  of  the  plBtinura  plnte.    Thu  dii^sulred  Ein?  remains  almost 
wboUy  oolsiilc  tho  vessel  containing  tbe  nilriq  acid.    When  the  cirtait 
kept  cliiaiid  for  a  long  tiuie,  the  liijuids  become  very  hot.    The  Ditrio 
l^^eid  iiiuitt  be  higldy  concentrated,  and  renewed  as  soon  n.5  hydrogen  f^oB 
makes  it*  appearance  at  the  platinum  aurfuco. — When  line  la  in  contact 
only  Willi  ililute  sulphuric  acid  and  platinum,  it  has  to  overconio  the 
great  aHintty  of  oxyj,'on  for  hydrogenj  hut  when  nitric  acid  U  presctit, 
^  the  l:[y>lrfij,'en  apparated  from  the  water  is  curried  over  by  tratteijiusition 
to  tlse  nitric  acid — cnmhinos  with  [lart  of  the  oxygen  of  lliat  eiiljBtance— . 
^and  lilieratcfl  nitric  osido.    Hence,  in  thia  case,  the  eonihiiuition  of  tho 
^■unc  with  lbs  oxygen  of  the  water  is  opposed  only  by  tho  much  eniallor 
^MtflSuity  ef  nitric  osido  for  oxygen, — and  conpequenily  the  Bolution  of  tho 
Htfnc  goea  on  much  more  quickly,  and  the  electric  eurmnl  is  proportionatelr 
^^Btronger.  (Grove.)    [If  tho  nitric  acid  were  in  imiuediato  coniacl  witii 
the  eine,  the  grealer  part  of  tbo  negative  electricity  would  lie  lost^  in 

IDon^eiluence  of  the  purely  ehemicsl  action  thereby  produced  ;  with  Fimal- 
^uinted  sine  in  dilutv  sulphuric  acid,  on  the  contrary,  no  purely  chemical 
fccliou  tftkea  place,  tbo  action  being  entirely  electro-clieniieiLl,  (p.  340)]. 
If  the  outer  veeee!  contains  an  amalgamated  zinc  plsle  iminersod  In  di- 
late dulplmric  acid,  and  a  tnlwi  of  gypsum  dipping  into  it  is  filled  with  nitrio 
Icid  of  1*5  »p.  gr.  with  a  piece  of  iron  iinuiersed  in  it,  ft  current  is  pro- 
duced .ttioHg  enough  to  decompose  water.  But  as  soon  as,  in  the  courso 
of  the  espcriinent,  the  nitric  ncid  haa  attained  a  certain  degree  of  dilution, 
ih*  piMNive  iron  dissolves  witli  Tiolont  effervescence.  Tlio  wire  outeida 
the  acid  snflcra  sliil  more  from  the  nitrous  vapours;  hence  it  muiit  bo 
coatcrl  with  wax.  If  iron  iuslcnd  of  line  ia  immersed  in  the  dilute  eul- 
phuric  ncid,  tho  action  is  the  enmc,  but  cootiaucs  for  a  shorter  time;  and 
the  paesivo  iron  in  the  nitric  acid  distotves  Tnore  quickly.  The  addition 
of  nitrate  of  mercury  to  the  nitric  acid  retards  the  flotntion  of  the  iron  in 
tho  nitrie  ncid  for  a  somewhat  longer  time;  but  this  ealt  cryHtalliEca  in 
the  g}7)auni  tube  and  cracke  it.  (HawluBs,  I'hiL  Maff.  J.  \%  115.i« 
Ghiers  ApparattWj  I'og'j.  51,  381.) 
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1  fmrt  en  of  ntridaltM 
■ad,— Ike  dmilinlM 

mad.  [Aa  the  ml^ 

wt  ■rtb*  mnn,  UkmiUi 
■M  iadireot  artioii  of  nilnM 
_    akMtbjtbeMlpliatooriiBe.]  Ikm 

•if  «  Ae  plaliuiiK, — becaoee  tfce  nilre 

mU  aaa  m\oan  it  grwa.   A  i^fc 
feeUr:  a  combiutiOQ  of  t«*4A 

(«) 

■It  ™  |ihm  of  enlplitmc  ad  j  u  ptrtinh^ 

If  vnker  wtrifs  acid,  of  sp.  ^f.  l  is, 
nlftefie  Mid,  *  hfgeaoAQtitTufgiuHfnM 
'ltaaABcancatisiBiicfaweak«r.  (Pofi^nM 
■MB  HMB  be  formed  bjr  sti^nglT  >^£iu>iv> 

cuke — •  cell  formed  odI  of  it, 
■ibic  sad — utd  the  wliole  [ilaireil  ib;  »  w 
acid,  asd  a  plate  of  eidc  4  incJio  \tt^id 
1  nxfci  ER  emitted  on  rlosto"  the  rirvsii;  t> 
nd  bot;  iron  wire,  No.  S,  turns;  and  hydreiikt 
leftd,         eilver  salts,  are  d«coini>o<H>j  Iff  <*• 
jK4,PAanL38,  Sll.)    [The  nitric  acid  wbicii'^ 
fttMS  «f  tke  fxi^e  peihaps  ako  fonus  a  £lin  on  tlw 

^ctfOtfl  «f  Mppc*>  diltjt^  sutpbaric  acid,  aitric  acid,  uad  pUtctt 
yiWjM  a  <■«■&  Acailjr  hdi&a  atrong  as  that  whldi  is  excilci 
nac  is  ated  iMiwiT  of  wpper.  ( Popcendorff,  Poij^.  M,  358,) 

If  tke  Wwl  of  a  oommoD  tAba>cc:o-))ipe  filled  witli  uilricvil*' 
l^acr^  ia  a  T^mtX  (MUining  lijdrficlilurie  a^-id,  u  «>uple  of  g^ilW« 
wmvij  umanseJ  IB  the  latter  wilt  not  bi>  digsolrcd:  bat  ou  connrta; 
1W9  ol  thrai  «ith  a  platisiiDi  vire,  tic  oilier  end  of  trhicli  dip*  isti  Ai 
nitiic  add.  the  fuld  teaf  thus  attached  will  diEsolve,  while  Iho  olteH 
DoL  (Grore.)  fThe  gold  leaf  attached  (o  the  platinam  tak«e  rUifli 
tnm  tW  hTdiondorif  acid,  tbe  hydcogen  of  that  comjionnd  pMuattw 
lij  nlTMue  baasposition  to  the  oxygen  of  the  nitric  ncid.] 

TiW  Mpnfifw  mr/a2  u  in  con^acf  tWM  or^nroiu  tuwi  or  anem^i 
polmk     Tahr  a  (J;7p.  7)  coQlainiug-  solution  of  arses iotu  addviA* 
copper  wire  imTnersed  m  it,  and  t!ie  vebscl  &  contaiuiag  aolotka 
aniiuobiac  irith  zinc — a  block  film  of  arscmc  makes  its  appMiaaMaA* 
cuiin»e  of  fire  boora  ou  the  surface  of  tiie  fojiim,  ftnd  afteiwanbai 
a  vt^d-gT^-y  <wlo<'r  and  mQla.llic  lustre — t\xt>  chmgQ  ttmammaag 
Bitifflt!  point,  and  gradually  estendin^f  over  the  whole  auifaoo. 
bydrochHoric  acid  is  niixod  nitl  tlie  nrsctiioua  acid,  tfa«  copper 
covered  nt  tlie  surfiiffl  of  contact  of  llie  li()iiid  and  tbe  air,  miA 
n)r':illi(i  arsotiic.    If  the  aiitnlioTi  of  arspnioua  acid  c^ntaiaa  a 
itric  aciiff  a  deini.«i  t  of  white  metallic  arseuir  ii 
0  piirt  of  the  i;<i|  j'<vr  which  pwjirU  oot  of  t 
perhaps  carrieil  out  of  the  li^^uid  in  tho 
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ratted  hTdrogen  and  then  preapitated  on  the  wire.  (Simon,  If.  Fr>  22, 
1,  14.; 

When  the  tnbe  a  (App.  7)  contains  eolution  of  arseniate  of  potash 
with  a  platinum  wire  immersed  in  it,  and  the  vessel  b  oontains  solution 
of  arsenic  with  apiece  of  zinc, — only  0'31  of  the  arsenic  present  is  deposited 
on  the  platinum,  and  on  the  bladder;  the  rest  volatiUies  in  the  tbim  of 
arseninretted  hydrogen.  (Bochner,  Jicpert.  21,  14.) 

The  liquid  in  contact  wUh  the  negaiive  metal  it  the  eolation  of  a 
heavy  metallic  salt. — The  circuit  composed  of  zinc,  dilate  sulphuric  aoid, 
sulphate  of  copper,  and  metallic  copper,  (or  platinum),  produces,  as  shown 
by  Baniell,  a  very  powerfol  current^  which, — ^when  the  weakening  of  the 
solution  of  sulphate  of  copper  oooaaiooed  by  the  deposition  of  metallic 
copper  on  the  platinum  or  copper  plate  ie  made  up  by  the  addition  of 
man  salphate  of  copper — is  likewise  of  constant  strength.  [The  rino 
takes  np  oi^^n  from  the  water, — ^the  hydrogen  of  which,  being  carried 
by  transposition  to  the  oxide  of  copper,  takes  up  the  oxygen  of  that 
oompannd, — whilst  copper  is  depositea  on  the  negatiTe  metal.  Conse- 
qnently,  the  sine  has  no  longer  to  oTeroome  the  stron^r  affini^  of  Ir^ 
drogen  for  oxjgBn,  but  only  the  much  weaker  affinity  of  copper  ior 
oxygen:  the  solaUDn  of  the  one  is  thus  accelerated,  and  the  carreut 
thereby  increased.  If  the  sine  were  placed  in  the  solution  of  sulphate 
of  copper  as  well  as  the  platinum,  it  wonld  bectme  oorered  with  copper, 
ID  ooDsequence  of  pure  chemical  action  taking  place  at  the  same  time, — 
and  this  deposition  of  copper  would  give  rbe  to  local  electro-chemical 
action,  by  which  the  current  would  be  greatly  weakened.} 

This  circuit,  however,  does  not  yield  nearly  so  mnch  electricity  as 
that  in  which  strong  nitric  acid  is  used  (p.  391)  [because  the  affinity  of 
copper  for  oxygen  is  greater  than  that  of  nitric  oxide  for  that  element], 
with  the  same  extent  of  metallic  surlace,  the  circuit  composed  of  zino, 
dilute  sulphuric  acid,  concentrated  nitric  acid,  and  platinum, — ^yields  in 
a  given  time  seventeen  times  as  much  electricity  as  zinc,  dilute  sul- 
phuric acid,  sulphate  of  copper,  copper.  (Jacobi.) — A  solution  of  chlo- 
ride of  platinum  in  water  likewise  gives  a  current,  the  quantity  of  which 
is  only  two-thirds  of  that  of  the  nitric  acid  circait.  (Poggendorff.) 

When  the  circuit  of  zinc,  sulphnric  acid,  sulphate  of  copper,  and  oopper, 
is  closed,  the  quantity  of  zino  dissolved  in  a  ^ven  time  is  ten  times  ae 
preat  as  when  it  is  broken.  (Matteucci.) — If  an  amalgamated  unc  plate 
in  a  (utcnit  of  this  kind  lose  6  grains  in  half  a  second  when  the  surface  of 
the  copper  plate  is  of  the  same  size  as  that  of  the  zinc, — then,  when  the 
Gopjwr  surfoce  is  twice  as  great,  the  loss  of  weight  iriU  be  7  gr. — wiiJi 
4  times  the  surface  of  copper,  8  gr. — with  8  times  the  bdt£eux,  13*3  gr.— 
with  16  times  the  sarfiwe,  11*5  gr. — and  with  20  times  the  surface,  lOgr. 
Hence,  the  action  is  moat  enc^etio  when  the  surface  of  the  copper  amoonte 
to  S  times  that  of  the  zinc  (Binks.) 

Zino,solntion  of  sal-ammoniac,  solution  of  sulphate  of  copper,and  copper, 
likewise  gives  a  very  strong  and  constant  current.  (Mullins.) — JcwobCt 
Chamber  Battery:  A  wide,  shallow,  cylindrical  copper  vessel  contains 
solution  of  sulphate  of  copper,  which  is  continually  kept  nearly  saturated 
by  means  of  crystals  of  the  salt  contained  in  a  sieve  at  the  side.  In  this 
vessel  is  immersed  a  somewhat  narrower  wooden  hoop  tied  with  bladder 
underneath,  filled  with  dilute  solution  of  sal-ammoniac,  and  containing  a 
round  piece  of  zinc. 

If  solution  of  nitrate  of  silver  be  carefully  poured  on  the  top  of  a 
aolnti<m  of  nitrate  of  ooi^wr,  and  a  copper  rod  dipped  only  into  tha 


•394 


BLECTEICITY. 


former,  A  silTer  tree  ia  at  first  prodiiceil; — hut,  as  eooa  u  ttiU  Li 
grtiwu  (iownivarda  jib  fur  as  tLe  mpper  eolation,  metallic  copper  i 
sited  upon  it.  (Grt>Ctlia36.) 

IF  R  lube  tied  over  with  Itlnddor  (App.  7)  onntAioa  acfltato  of 
witb  ptatioum  dippiug  into  it,  aud  the  outer  rosscl  d  liyilrooMorie 
(or  sulphftte  of  noda, — Jiogf)  with  linc,  a  kud  tree  is  formed  m)  the 
platisuin.  If  <i  contains  nitrato  of  eiUer  intteiLil  of  ac^talfi  of  Uad,  tk 
platiaum  becoinea  covered  witL  vilrer.  (Singer.) — When  solutiun  of  «B>- 
mon  eah  ia  used  ia  place  vl  liyilrgcbltiric  avid,  the  depositinn  of  «Unr<t 
tb«  platfiLuin  likewise  tAkm  p1noe — awunling  to  H.  Rose;  bnt,  aooMtG^ 
to  Pfatl',  tbo  precipitation  of  fiitver  dues  out  [Abo  place  till  a  littte  bmln- 
cbloriu  acid  has  beep  added  to  the  conimoa  Eult,  when  it  ooatnoiK* 
suddenly  nod  rapidly  incirea^efl.    After  tlie  precipilntiun  of  tbe  riim, 

carbonate  of  ^oda.  LoUcL-ts  in  a,  in  the  couree  of  tbrco  weeks  and  lb 

eLtrfRee  of  tbo  bladder  which  dips  into  b  becomes  oo^-erptl  witb  ft  tlMt 
oriist  xif  cbluride  of  sit 

no  reduction  of  silver  or  preripjeation  of  clilortdc  of  eilrcr  MkM  phcA 
even  in  n  fortnight.  (Pfaff.) — If  u  contains  nitrate  of  silver  with,  mnhitt 
b  euliitioD  of  coninion  salt  with  diver  free  from  copper,  biItot  ia  dmiAii 
on  tbo  ;^'mpbite  iu  brilliiint  liimina';  but  the  fl«Ciuu  mod  Masw.  /Pfcjf,^ 
[Silver  bas  greater  nffinity  for  chlorine  than  for  oxj-geii ;  tfao  eUvw  •!» 
tberof^ro  takes  eblorine  from  the  chloride  of  enJiuni,  sep&iut<M  dinrbf 
traiiKjioaitJon  from  tbe  nitrate  of  eilvor,  and  deposits  it  on  th<  fnpktt 
The  autiuii  ceosea  as  soon  aa  tlie  silver  bscomeH  eovcred  vith  cblortdc-) 

If  the  nnu  a  of  tbo  U-tubo  ('t^p.  4)  eoDtaioB  dilute  aulpliiuii  wil 
witb  tme,  and  tlic  ann  nitrate  of  zinc  witb  copper,  sine  ia  ^^Mwiud  « 
the  copj>er.  (Obiu,)    [1  obtained  no  reduction  of  Einc.l 

Whon  zinc;  is  placed  in  9.  S3.turated  solution  of  sulphate  of  mat.  ttt 
copper  in  a  eatnmted  solution  of  niir.tte  O'f  ooppt-r,  u  somewhat  Mrta^ 
cnrront  i»  pniduccd  tba.n  when  both  motaU  are  ioiinemKi  iu  dilute  mi 
Tbe  deflection  of  the  needte  is  not  increasnd  by  tbo  lulditiou  of  nitfir  W 
to  the  nitrate  of  copper.  If  both  vee^ela  contiiin  solution  of  MilnfaMttf 
nine  or  dilnte  sulpturie  aeid^  the  detlMtiou  is  great Iv  iiiGTCi—ou  lii  Hi 
addition  of  a  little  nitric  acid  or  nittulo  of  copper  to  the  liquid  intAvW 
tbo  Copper  dips;  whcreits,  nitric  Ai'id  added  to  tbo  ti<]uid  cootUDUftki 
line  diminisbee  the  defleotion.  (Bcrqnerel.) 

If  tbe  tubes  n  b  (App.  S)  are  stopped  at  tbe  bottom  with  rhj.-^ 
contiiinin^:  iiydnisiilphalo  of  potasb  Cwhich  hss  been  cxpcwcMl  to  llw  mJ 
with  Rtitiinony  ininierijed  in  it,  and  (  nitrate  of  ronper  \vith  copoar,  n 
both  beiu^:  iinnierEcd  in  n.  conduoiing  natery  litfuld, — tlien,  wlieu  ihtl** 
metaU  arc  coonccted,  tbe  copper  bccuiiirs  cated  with  prf^Hpitnted  wffffi 
whilst  on  the  ii-ntiniouy,  and  on  the  »idefl  of  the  tubes,  ibntD  i*  dt^^h^ 
— lirst  ft  brown-red  powder.  tht.'Ti  red  octobednrnv  iirul  lainiim  (wW 
Bec^iueri?!  considt^rs  to  be  Icomiei^-iniDerHl). — If  tin  )>e  ^uftetttulcd  txr  ^ 
timouy — small^wbite,  imptallic-sbining  cubes  of  snlphuret  uf  tin  mn^^ 
Btted  upon  it. — With  iron,  wbqu  the  stt'ce^s  of  air  to  Iho  tub*  a  i»ti* 

fletcly  i^but  ofT,  yellow  cuhes  of  iron  pyrites  are  fit'OiPttBiM  oMriM^ 
Bftcquerc].) 

The  Vessel  h  (App.  f)  always  cantKinin,K  fiolution  of  nl-uiimaiatacvfl 
tkibC, — and  the  tubo  a,  whiirb  k  tied  orer  at  the  bottom,  containing  • 
wire  with  a  brnvy  metAliic solution, — the  foltowinur  rvnnlu  krvobCfth*^ 
foring  ticconiiiijj  to  tbi;  nature  of  the  liijuid. — Diluto  uiintte  of  Vjr: 
Aft«r  two  hours,  a  black  film  on  tbe  copper,  increiuniiff  and  ^^^.^ 
ouleot. — Sulphate,  aitrate,  or  aoetate  of  xiuc:  A  littl*  ti^ib«gMfa 
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i  tlio  cnpper,  but  no  sine  ia  deposited. — Protocbloride  of  tin  diaaolTed  in 
olcohol:  After  eume  Lours — tiu,  in  grantiliLr  nnd  needhsBlmpeil  [larlitlea,  ig 
doitoijjted  on  the  copper.^ — Dilute  eulutioD  of  acetate  of  lead;  A  lead  tree 
on  the  copper,  after  a.  sliort  time. — Sulntion  of  one  pHrt  of  green  vitriol  in 
8  parts  of  -water;  Hydrogen  gae  is  evq]ved  oQ  the  copi^r,  wfiicli  tn  tt  few 
hotiFB,  Iwcotnes  CoTsred  with  a  ^reeu  deposit.  This  deposit  jiicrCMOS  con- 
iidcml-ily  in  a  fevr  days,  and  la  found  to  consist  of  three  layerw,  the  outor- 
moei  bo'iiig  liydratfid  jirotoxido  of  irpu — th&  second,  protoxiile  (black 
©side?), — and  the  innermost,  inetaHic  iron. — Acetate  of  copper:  T|io  di*- 
Bolved  eopppr  ie  deposited  iu  the  crystalline  Fnrni  on  the  opper  wire.—" 
Solution  of  onojiartof  pTotophloride  of  itieretiry  in  24  parW  of  water; 
The  copper  fluddenly  becoinPfl  covered,  first  with  a  wbitt'  film  of  calomf'l, 
lbi!n  Tvitli  a  ^ey  film  f>f  incrcnry;  on  the  foUowing'day,  hlnek  vegetnliong 
of  Fiihoxiilo  of  mercury  niako  tindr  appeanince.— -SoluIioTi  of  odp  nnrt  of 
uit.rnto  of  Btlver  in  Sparta  of  water:  A  shining  mlver  tree  tnmiiMlittlely 
Bpjwars  oil  the  copper;  un  the  bhutder  la  deposited  it  conHidemblo  ^nnntitjr 
of  oxide  of  silver,  tos^lher  wilii  Ivlack  pcimide. — Solution  "f  one  part  of 
chloride  of  yold  in  30  parts  of  water;  A  b!n,i;k  deposit  iliiinedialelT  ap- 
pears on  the  copper,  eoon  becoming  brownish  and  floccplent,  and  rapidly 
increasing. — Cldoride  of  platinum;  The  eoppfll  becomes  covered  in  the 
court^o  of  tvTQ  hvarn  with  lirilliaut  whits  plaijDui&r  from  which  laminiB 
«uWo<]qeat]y  separate,  (yitrion.) 

Tube  c(  (App,  '),  vonts\nins  dilute  anlphiiric  arid  with  zinc,  and  veS'^ 
ael  b  a  iiietal]i<!  «ali,  toother  witfi  h.  pieeo  of  easily  fusible  metal, —  Bcetate 
of  lead  yielda  gtey  crystals  of  lead,  which  groiv  from  the  pi^e  of  alloy  to 
the  hetglit  of  three  juchcs,— ^xlendiog  to  the  bladder,  nnd  covering  it  with 
a  network  of  leini,  Nitrate  of  ellver  bebdvea  it)  a  similar  mflnuer,  the 
eryetals  of  silver  eontinuing  to  grow  till  they  come  In  contact  with  the 
«iTi«.  (Solly,  PhiL  Maff.  J.  IB,  312.) 

A  tiibo  tieil  over  with  a.  bladder  contains  dilute  aHd,  with  n  pipi^  of 
Eivic  in  cont-aet  witii  the  bhidder,  nnd  in  immersed  in  a  meti^iUio  solutionj 
— the  zinc  la  deposited  on  Uio  niclal,  at  first,  by  purely  clioinienl  netionj 
but  the  nelinn  is  aflerwarda  propjigaled  electrieaDy  through  the  blndder,— ^ 
and  thus  tho  same  cireiiit  of  two  metals  and  tw6  liij^uida  3a  proiluced.— 
Iq  the  sanio  nmiiner,  aflcordins  to  Wach.  very  aolid'metallic  vegetationa 
ore  formed;  c.  ff. — with  chloride  of  iintiiiiony;  a  solid  ninss.  with  indivi'- 
dwal  projections; — with  dilute  iicid  i^Iutioii  of  nitinto  of  btsinutl];  eolid 
lieniisphcrical  niawfeg; — with  atii  solution  of  protochloridc  of  liu:  tin* 
while  eleildcr  raniificatians; — with  Wfliitioa  of  one  part  of  chloride  of  plati- 
nnui  iu  ft  parts  water;  solid,  acute,  ^tccl-grey  vegctatiosin.  If  the  tube 
comtains  mercitry  justend  of  zinc — and  llio  outer  vesflol,  nitrate  of  j;ilver, — 
Bilver-amalgain  i«  obtained  in  rhomboiiJid  dodeeahedrona,  often  olongated 
into  sijt'Sided  prisma.  (Wach,) 

T,ikewiw,  when  a  tnbo,  &ealed  at  the  bottom,  Lul  having  a  crock  in  it, 
and  containing  solntion  of  eal-ammoniac  with  litie,  is  immersed  iu  a  solu- 
tion of  enlphate  of  copper,  «nlainiug  ji  pSeco  of  aictiiilie  copper, — coppup 
is  reduced  on  tho  latter,  though  very  nlowly. 

When  ainc  or  iron  ia  plactfd  in  iniiiiDdinte  contact  with  solution  of 
coippcr,  that  metal  ia  jurccipitated  in  a  loose  pulverulent  form.  If  the  zino 
or  iron  is  surrounded  with  a  piece  of  bhuldcr,  the  precipitiiLe  is  still  loose; 
with  two  kycfK  of  bladder,  it  Is  moru  solid;  and  wilb  three  Inycrs",  very 
solid,  knobby,  nnd  bmnching.  [The  copper  fir^t  precipitated  on  the  zino 
extends  iteelf  by  electric  uclioa  tbroti-fh  the  layers  of  bladder  into  the 
GOppei  floliitioDj  and  thaa  aa  acrangtimeiit  in  formed,  coiuiatlug  of  twq 
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tnetats  and  two  liquids,  the  aohition  of  copper^  and  the>  moifftnt*  U  tb 
bladder.]  In  a  similar  manner,  solid  eoppcr  is  obtamed  vbeo — the  a 
(App.  7)  being  filled  with  wat«r — » ;jiete  of  iron  is  placed  in  it,  ioeontKl 
with  the  bladder  tied  over  its  lower  cud,  and  the  tube  is  immerMdiai 
eolution  uf  Eulpliate  uf  copper.  In  tlie  course  of  two  hoars,  copper  iiefiM 
to  collect  on  tto  outside  of  the  Madder;  and  ia  about  a  fortnight,  a  eiktif 
metal  ib  formed,  with  email  square  faoei^  or  roundish  protitbera&coe,of 
cific  gravity  8  965,  and  possessed  of  almost  perfect  malleability. 
zinc,  Instead  of  iroo,  long  rami  Scat  ions  are  obtained  in  the  conne  of  i 
month. — A  line  wire  dipning  into  a,  and  a-  copper  wire  into  i — lie  latw, 
when  deeply  immerged,  becomes  coated  with  Hhiniug,  crjfitamnf,  mm, 
and  knobhy  i^opper.  Red  and  yelluwieh  r^d  octobedroos  of  copper  an  •!« 
produced,— the  latter  being  formed  whcii  tliO  copper  solution  contaiuM 
free  acid,  a.iid  coutaitiiog  an  admixture  of  an<i.  When  the  copper  virf 
dipa  in  but  a  little  way,  it  becomes  covered  vith  loose  mimicaiioia 
Again,  if  the  tube  a  be  cloaed  with  elder-pith,  very  Ihm  cork,  or  tbtt  tti 
slate,  insti^ad  of  bladder, — solid  copper  is  deposited  on  the  outer  surwt  tf 
tbfi  diaphragrna;  much  more  alowly,  however,  when  either  of  tha  twi. 
latter  is  uaed.  (Wach.) 

Silver,  gold,  and  platluum  may  likewiGe  be  obtained  in  the  AoUd  il*t* 
by  Warh'a  method;  ailver,  best  by  sine, — gold,  and  platinum  by  mtn.  Sil- 
ver separsles  either  in  ramificationa  or  in  solid  platesj  gold  and  plAlimia 
in  warty  coneretiona.  (Gobol,  ,SVA«'.  CO,  414.) 

If  the  tube  tied  over  with  bladder  does  Dot  contain  any  Uqaiil,^ 
only  a  piece  of  zinc, — then,  on  iiimiereiug  it  ia  a  solution  of  cadmium,  gitj 
mostj-like  cadmium  is  deposited  od  the  bla<lder;  in  protochloridc  of  ta 
rectangular  ueedks,  an  inch  long,  are  formed;  io  eolution  of  accUU  ^ 
lead,  a  cotitiououa  plate  composed  of  four-sided  tables;  in  eulpbaUif 
copper,  solid,  iimlleable,  warty  copper;  in  nitrate  of  silver,  cabiCBJ  yi 

mos^shaped  silver;  in  chloride  of  gold,  a  non-crystallino  film:  all  Ibn 

deposits  are  formed  on  the  outiiide  of  the  bladder. — In  sulutioo  of  aiMBrt 
acid  in  hydrochloric  a«id,  aracuic  is  deposited,  not  on  the  bladder, Iwl <t 
the  inner  aides  of  the  tube;  in  protodiloride  of  iron,  no  reduction  ubi 
place. — If  the  tube  contains  mercury  inatead  of  etne,  and  is  imnHtnrf* 
a  solution  of  nitrate  of  silver,  elongated  rhombic  dodocahednia  Mi 
formed.  In  all  these  cases,  the  outer  liquid  rises  by  enUosmoso  isltll* 
tube,  becauHO  the  zinc  Bolutiou  which  ia  fonuing  coatiaually  inoMMiil 
etrongth.  (Elaner,  J.  pr,  Chem.  22,  339.) 


Ttvo  Metals  and  three  Li^utdt. 

The  two  metals  conneeted  together  dip  into  two  liquids,  irhkli  •» 
united  through  the  medium  of  a  third.    For  this  purpose,  App.  2  nixjbt 

used,  when  the  wire  or  siphon  /(  cuntaina  the  third  Liquid,  ^App,  4,  «W 

the  third  liquid,  being  the  heaviest,  can  be  made  to  occupy  the  lowet  i«l 
of  the  U-tube, — ^j'f/>p,  7)  when  the  tube  a  ia  etopped  at  the  hottoa  *^ 
clay,  and  thi«  is  saturated  with  tbo  third  liquid, — App,  s,  in  vbtdilk 
two  tuLea  a,  h,  eloeed  at  the  bottom  with  bladder  or  with,  day,  dip  iw 
tht^  liquid  in  the  vessel  e.  In  many  cases,  the  third  liquid  plaj*  en  |ar 
titular  part,  but  merely  sen'es  as  a  niedivm  through  which  the  tmny 
sitiun  of  ntoni!)  rnaj  ho  continood  from  the  firat  to  the  ^cond  h«m)i« 
vi«  i^i-»d.  We  shall  here  notice  only  those  cases  in  which  one  vt  v 
of  tbo  GlementH  gf  the  intervening  liquid  givo  rise  to  the  fonnalion  W  It 
collar  products  in  tlie  first  or  Eocoad  liquid, 
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When  the  tubs  (A  pp.  7}  is  «toppcil  witli  clay  satumted  with  aolutiou 
of  nitrCj  ami  contains  tiiciihol  ami  it  leaden  wire,  wlulat  a  copper  wire 
C(iiiiic(;tefl  with  thv  latter  dips  into  u  solution  of  blue  vitriol  in  tho  vessel  l>, — 
cojiper  is  reduced  m  tlie  copper  wire,  und  the  lead  becomes  covered  with 
Ditnite  of  lead:  becansc  tho  ewlplmric  »ciJ  of  the  blue  vitripl  Uberates 
nitric  acid  from  tho  nitre  io  the  via.y;  and  tLLj  nitric  acid,  toother  with 
oxygen,  gooa  over  to  tbo  lead.  (Becquorol.) 

If  tho  cup  <i  (-'ipp-  2)  contains  an  alcoholic  Bolntion  of  su]pho-c»rl>uret 
of  putassiam,  cup  b  solution  of  sulphate  of  copper — ihe  two  cups  being 
connected  by  a  bent  tube  filled  witlt  solution  of  nitrsj  and  load  liciiig  im- 
moraed  in  «t,  and  copper  in  t— rcducwl  copper  is  deposited  on  tho  latter; 
whilst  nitric  acid  is  traTisferrcd  towanls  the  lead, — and,  by  it^  oxidating' 
ftction  oil  the  sDluho-csrhuret  of  potaAsium,  causes  blti^arbonELto  of  potash 
•nd  Dccdlo-sbBped  L^ArbouAto  of  lead,  together  with  rhombic  tictohedrona 
cf  sulpliur,  to  be  deposited  \a  the  cup  a  and  on  tho  lead,  (Bccqiiorol.) 

k  4.  One  M^fd  ami  tu3o  Luiui'U.    Bueh/Jzian  Cireuit, 

^  When  the  aame  metsl,  titber  in  one  pieoe  or  in  two  pieces  metal- 
lically connected,  is  imirttfrped  in  two  different  liquids  which  touch  one 
amjlher,  either  immodiately  or  through  tho  unodium of  aporous connecting 
body,  tho  part  of  the  metal  situated  in  one  of  the  liquids  often  takes  up 
one  or  more  of  the  clectro-negati to  elomenls  of  this  lic^uicj- — ^nud,  at  the 
Bamo  time,  one  or  more  of  the  etectro-positiTC  elements  of  the  other  liquid 
19  deposited  on  the  part  of  the  metal  theteiii  immersed.  In  this  case  uho 
an  electric  cnrrcnt  is  produced,  poaitiive  electricity  going  from  th»  latter 
port  of  the  metal  directly  to  the  former,  or — what  comes  to  tho  samo 
thing — from  tho  former,  through  the  liquid,  to  the  latl«r-,  In  short,  that 
part  of  the  metal  which  combinea  with  the  electro-negative  elements  of 
tho  liquid,  Is,  according  to  the  neual  mode  of  cxprcs^ionj  poaitirc  towards 
the  otlier. 

This  case  ia  therefore  difl'ereiit  from  that  nlready  described  fp.  329.,.. 
33(1),  in  which  the  metal  dipping  into  two  liquids  nuS'cra  no  cheinical 
alteration,  but  merely  Bcrvea  to  reunite  the  two  electricities  which  have 
been  separated  hy  the  combination  of  the  two  liquids.. 

[A  metal  may  be  inclined  to  take  electro-negative  elements  from  ono 
liquid  rather  than  from  another;  g.  it  k  more  inclined  to  oxidate  in  an 
acid  or  an  alkaline  liquid — in  which  the  predisposing  affinity  of  the  acid 
or  alkali  for  the  metaUic  oiide  comes  into  play — than  in  a  neutral  aolu- 
tiou. Ab  Boon  as  it  does  this,  negatiTcelectricity  ia  set  free  in  it, — pnsaea 
iinto  the  part  of  the  metal  situated  in  the  other  liquid, — and  thence  to  tho 
elcctro-pofiitive  clement  of  that  liquid  which  baft  been  ^t  free  at  that 
T<ry  place  by  tninfiposition  of  atoms  (p.  342,/).  Tlie  different  tendencies 
of  iJie  several  lirtuiib  that  may  act  on  the  metal  to  produce  purely  che- 
mical or  electro-chemical  action,  must,  however,  be  taken  into  account. 
The  electric  current,  which  results  from  iSic  combination  of  the  two 
liquida — anil  ia  for  the  iiioat  part  in  the  op^vosite  direction — ia  so  small  in 
quantity,  that  it  need  not  be  taken  into  ceneidQTatiun,  except  in  a  few 
<»Bes.] 

In  these  experimentiP,  tho  two  liquids  are  either  carefully  disposed  in 
a  vessel  one  above  the  other  (which  waa  BuolndE'e  arrangement),  and  a 
metallic  rod  introduced  iu  such  a  manner  ob  to  dip  into  both  of  them;— 
or  A|)paratu8  2,  3,  4.  5,  6,  7,  or  H,  is  made  use  of,  by  dipping  into  the 
'wo  liqaida  either  the  two  cads  of  a  simple  metallic  arc,  or  else — io  order 
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to  uUerre  tlie  current— two  piocea  of  the  eame  racial  ODim«o|od  bj  lb 

galvaoomeler. 

A''id  and  laaUr.  If  a  pile  'be  eoni^tructeil  id  the  folJo«iti|  oelir. 
Pa^tc-board  ^aturaled  wilb  wiiler — ziuu  (ur  tio.  or  charcoa]) — pulo-tmri 
B&turatcil  wilh  nitric  iu:id — paste-boitrd  eaturatcil  with  water — iwc,  fa; 
&c., — p<mtive  ek'otricity  front  the  fir^t  piece  of  pafiLe-board  tauuuii 
with  wnltT,  through  tbe  galvanometer,  to  the  laet  piec^&aturatod  vitli  Bitiic 
acid. — lu  a  pile  composed  in  a  eimiLar  mannor  of  water,  one  meUl  (tb 
beet  load,  eoppor,  or  eilver),  and  sul]iburetteil  bydrtigeD  vUta,  tk 
curroat  takes  tlie  opposite  directiou,    (H.  Davy.) 

If  boUi  divisjuns  {App.  9)  coutain  water,  ao  ciiireut  is  pmdiiae4  h 
the  iininer^iion  of  Kjnc,  iron,  or  coiipcr;  but  on  a<ldiiiu  to  the  vratar  i&tat 
of      divisions,  a  ^ftU  ijoaiktity  »f  sulphuric,  liydrucblorio,  ur  oithe  adi 

matal  dipping  into  it  becomes  positive  (i.  t.,  poeitive  eieoUicilf  fm 
iroiii  the  nieta]  immersed  in  lha  water,  tlirouph  tii,&  g^alvnntimetar,  (•  ihs 
Vrbich  is  inimefued  in  the  acid).  Hyponitric  acid  gives  a  contrary  rtadl 
(RitcliiG,  N.  Ed.  J.  ofSCr  "2,  150.) — If  cnp  a  {-^yp.  2)  nintaiiia  viw 
cup  b  nitric  acid,  tLc  siphnti  A  solution  of  <(-dniiiion  salt.  aaU  L-opper  ■ 
immerBftd  in  both  cups,  the  copper  in  the  nitric  add  i«  poeitire.  (Bee^Mull 
[These  rcBultA,  obtained  by  l^itchlo  and  lleei^uorel,  ure  opposed  tgtU 
of  Davy,  far  ac  rogards  the  nilrlo  acid:  diSf^rencc  ol  concenlratioa  nj 
]>erLapa  account  for  the  discre)Kmcy.  With  re«peci  to  Davy'a  ramlt,  Iki 
obtiervation  in  page  344,  l.  G,  must  he  taken  iato  coafiideratioo. 

T/ie  same  acid  of  diffrent  d^grta  of  eoncoitraiifm.  When  tbje  am  4  d 
the  U-tube  {App,  4)  contaiae  fioncetilntted,  aiid  b  dilate:  nitric ft«ii],  tini* 
moracd  in  the  AMiXe  atiil  is  positive  towards  the  same  DietaJ  in  tii*  Oiuf 
acid,  (Fai'aday.) — Thoarni  a  {App.  4)  cuntiiining^  a  iJiixture  of  49  jwitid 
oil  of  vitriol  nnd  uf  witter,  atiil  6cuiitiLLning  wal^r — whicli,  bv  ojctMtim-d 
tho  surface  of  contact,  haa  takon  np  a  t'ninli  ijuantity  i>f  acid  and  livce  ni- 
■fi^ll«nt]y  c^okil, — iron  appears  strongly,  and  ooppc-r  feeUiy  pctditiit  ia  lb 
^■pdtiliitcd  wntt'rj  tin  and  lead,  on  the  contrary,  are  podiLivc  in  tb*  Mug* 

and;  zinc,  cadniinm,  and  silver,  give  no  current.  (Pn,ruJay.)  TWw 

ArrB-itgeineut  being  made  wilL  liighly  conc£mtr3.t«(l  hydrochloric  maiwt 
water, — ziuc,  oaduitumr  tin,  lead,  copper,  and  silver,  mre  posltlrv  ia  ii 
itcidnUtcd  'water, — iron,  first  oegalive,  then  penDati«&t]y  posttire,  (IW 
raday.) 

)^iiic,  codniiuin,  tin,  lead,  copper,  or  silrer,  iunarasd  in  dlatoMii 
(App.  4),  is  Hliongiy  positive  tuwarda  the  enme  metaJ  iniinoiD>J  !■  i* 
ceniratvd  acid.  With  fiiiver,  however,  tlia  dirBctioo  is  VUiaMt;— di 
current  ia  uften  suddenly  reversed,  and  then  agaia  Twnig  iu  foiM 
dirccliou.  (Furaday.) 

Lot  1  bo  oil  of  VLli-iol;  \,  a  mixtuK  of  1  nieaj>tire  of  bi]  of  ritffol  aiA 
8  moaauree  of  water;  &  mixture  uf  1  tnciaure  of  oil  of  vitiioj:  with  II 
mauuru  of  wal^r:  tin  in  I  is  pof^itive  lowbrda  tin  lu  ^  or  i^^j  i^ii 
4  ii  pOHtive  towanis  tin  in  f'-^. — Lend  or  copper  in  \  i«  posUirv  Ioth^ 


|Kt«t 

fead  lu  I  or 


y'-j, — Iron  in  I  ia  negative  towards  iron  in  |.  lai^ 
in  j  ifi  necsntive  towards  iron  tu  ■J'j.    (Fitmday  ) 

Let  1  be  cOiKientroted  nilHc  acid;  j,  a  niixtuT»  of  t  maMim  i^At 
num  witli  I  mcii.-iute  of  water;  \,  with  3  measures  of  wiu«r;  JC,  vilh  H 
McoMim  of  WfLter:  Iciul  in  j  U  positive  towards  Inut  in  1  or  ^,  ani  W 
ill  4  ^  jMMtive  lowardii  lend  in  1. — Cop^kor  in  \  ie  ptusiUvo  tovar^ii*^ 
par  ki  1  or  g', ;  copper  in  ^  ia  poKitive  towards  copper  in  1,  mui  MMtf 
toimda  copper  in  (Farudav.) 

J}\ftrtiU  acwit,   Qaa  ami  ot  th&  heut  tube  {A  pp.  £)  toalaU^f  dl^ 
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TiiPiol,— the  otter,  conceutmteiinitrioRciJ,— the  aioo  in  the'former  ie  poui- 
tive,  but  becomai  ni^gative  nfter  tiio  circuit  liaa.  been  clo^d  for  buhiq 
time.  [In  consequonce  of  being  voateil  with  au]phale  of  zinc? j— Iron, 
Copp^l^,  ami  Bilver  are  likmwjse  [Mjaitive  in  nil  of  vitriol,  negative  tn  niirio 
aoid,>^iroH  tlio  m>o§t  etrongly,  silver  tiie  hfiat.  Nevcrlbcl^ii^,  liuc,  copper, 
and  fiiivGr  aro  moat  atrongty  attiicked  in  nitrioa^id.  Altliougb,  thtrffate, 
iLe  preatcat  quantity  of  oloctricity  muat  he  act  free  in  that  j»art  of  the 
oircuil.  itJbecoinAA  directly  neutraliiif^d  at  the  surface  of  the  metiu, — bco&usa 
the  f)aj;^^A^i:;  of  ];>ositLVO  eldctricity  from  tlio  oil  of  vitriol  to  tbe  4>tb#r  piece 
of  metal  13  iittfufled  with  ditficnlty.  (Du  In,  Riv*.)  [Nitric  aoid  hub 
peculiiLP  inclination  for  pure  chemicn]  iLction  (p.  344,  i.  0).)] 

Alkali  and  u-aUt:  H  a.  pile  bo  uiTietructed  in  the  follov-injc^  order: 
Fa^tV'boarcl  aalurated  with  wftter--<liarcoiLl — pLLaLe-buard  saturated  with 
Bolutiou  of  Boda.,  &c.  &c.,  positive  eleotrlclty  goow  from  tbt;  bt^at  pieive  uf 
ptute-bmnl  eatumted  with  soda,  through  the  ^alvanoinotor,  tn  the  lir^t 
piec«  saturated  witb  water.  Similarly,  if  we  urriinifc  one  above  the  other: 
Fasle  board  saturated  with  water— zeuc — piuteboard  eaturuted  with  water 
wid  sprinkled  on  the  iide  toiichiag'  the  preecdiug  siuo  with  hydrate  of 
potash — linio,        &c.    (H.  Wavy.) 

Alkali  of  dijftrfnt  degrtft  of  concejdration.  Zlm,  cadmium,  tin,  and 
kA^,  are  stroajfly-^copper  moderately — atid  iron  slightly  positive  in  coa- 
centratcd  alkali,  towoid^i  the  eauie  mctaU  iu  dilute  alkalL  (K.  l>aTy; 
Fariiday,) 

J'atoih  and  h^/(iro9ulphwtt  of  joo'cwfwm.  Zinc  in  pots«h  i»  pocitlTO 
towards  zinc  in  LyilTosalphuret  of  potassium.  Silver  and  pidUdium  ara 
Uvgative,  capper  wlinust  neutral.    (H.  Davy.) 

Acid  and  alkali.  Zinc,  tin,  lead,  or  copper,  in  stronjE;  Bolnlion  uf 
potash  {App.  S),  i»  pueitirc  towftrdei  tlio  ^nme  tnetal  Id  dilutio  ^ulphiirio 
■cid.  In  thi.4  tt«tiou,  the  I'^ftd,.  tin,  or  anifllgftMiAted  K\nif,  in  the  sulphuric 
ncid,  even  bcccfiiioa  cnvured  with  bubMca  of  tydrogeti  gas — procetidiiig,  not 
from  tbo  purely  ahemicid  action  of  the  acid,  uutfrom  tho  elcrtro-ehemtoiLl 
action  of  the  polae'h, — their  evolntion  eoneing  when  tho  circuit  is  cloaod, 
(Faraday.)  With  p^utai^h  on  the  one  sidu,  and  eulphurie,  nitriir,  or  hydro- 
chloric aeid  on  the  other,  zinc  16  more  (itrou^ly,  irou  and  copper  less 
■trrmgly  positive,  in  potash.  With  dilute  sulphuric  acid,  the  current  is 
etron^'pr  thau  with  the  same  arid  conccnlrateil.  (Grove.) 

Water  and  tofiUifm  of  common  xaU.  Copper  in  eolation  of  common 
aalt  is  pottitivG  towards  uoppcr  iu  water,    (H.  Davy.) 

Arviaand  ckhride  iff  calcium.  Zinc  and  copper  in  solution  of  chloriile 
of  osU-ium  (App.  5)  are  pcwitive  towards  the  sooie  metaU  in  dilate  iiitrio 
meid.    (Do  la  Hive.) 

Ileavt/  OKi<t(li€  aalit  and  mitfr.  If  ptire  water  be  carefully  poured 
npou  a  Nuluti'in  of  elli^ride  of  bidc,  and  a,  c\nc  rod  imnierwl  in  both 
liquids,  zinc  i«  dopnuited  oh  its  luwer  «nd.  II'  wntcr  be  placeil  upon  a 
wnconlrated  »r>luLioi!J  of  protiK-hloridt'  uf  tin  containing  a  little  free  ncid, 
and  a  rod  of  tin  h«  inlrwdiiwd,  h.  portiiMi  uf  tin  ie  diaeolved  from  it  in  the 
lo'Wer  liquid,-^while!  i^rystalliue  tin  is  deposited  Ujwn  it  at  llie  i;iirfit«e  of 
ccjitwt  of  (he  tiu  solution  and  the  Wat»r.  (Biu-hol'i!.)  But  if  the  tin-sola- 
ti<iii  do«*i  not  cnniain  free  acid,  a  [wrtinn  of  tin  diflwdves  at  the  eiirfaee  of 
eontaet  of  the  Holutiou  auil  the  wat^r,  while  lin  is  rfdjii^dd  aii  the  lower  part 
of  the  rod.  (ItiUcr,  A.  GfhL  1,  A  leaden  rod  riiinihirly  iiiiuiomi'd  in 

Water  and  colutioti  of  uilraJo  of  lead,  becnmee  corrodud  abnvt-  and  fvivored 
with  reduced  lead  below,  A  similar  cft'eet  is  [iroduml.  when  a  yaturat^'d 
•olution  of  nitrate  of  copiwr  ia  plnml  at  the  bottom  of  a  tube,  wattr 
above  It,  and  a  copper  rwl  iuimtirHd  in  Iwth^- — th«  Mlooa  b«L{ig  piuticu> 
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the  common  salt  and  senJa  clilorinc  to  the  co|ij]Cf],  coverti  itself  with  oeto- 
hedroiLS — wLicli  uppeap  to  he  a  coatbitiatiun  of  sntctilovidc  nf  copper  with 
cliloride  of  E«Jium,  and  ^ive  iip  tlic  latter  to  tLe  water:— they  aic  at  first 
transparenlfind  colourless ;  biitwbentliif;  cxpcrtmentlosta  two  or  ill  reciiioTilIia, 
they  become  firM  violet  and  afterwarcis  emerald  green,  remaining  hoirever 
traTisparent.  [Protoclilorida  of  copper  +  chloride  of  aodiuiu?] — ^VVlien  sal- 
ammoniac  id  u^d  in  this  expcriineDt  instoad  of  eDmntoii  salt,  and  tlie  air 
te  kept  from  the  am  a,  octnbedrous  with  truncated  edges  and  tiumniits, — nt 
first  colourless,  bnt  afterwarda  ac<jTjirinw  an  ametlij-st  tint — are  deposited 
on  the  copper  in  the  Bal-amniouiae,  and  sometimes  eix>8idcd  prieiii^j  upon 
these.  Both  these  eoiiipnuuda  are  decomposed  by  water,  wlijch  extmcla 
the  sal-aiumoniap.  Nitrate  of  copper  beimves  witli  coinnion  salt  and  Fal- 
KDiinoniac  just  like  sulphate  of  copper.  Chloride  of  poCassiuiii  or  rhlo< 
ride  of  barium  eubstimtcd  fur  comninn  »alt,  deposits  on  the  oo]iper  similar 
compouDds  of  ehlcride  of  cojipcr  with  ehloritle  of  potaa&iam  or  chloride  of 
barium  iu  tetraiiedrona.  Silver  imiiierEcd  in  nitrate  of  silver  and  aqueous 
iBolution  of  saJ-ammtiuiaCr  fbloridc  of  poLaeeium,  chloride  of  svdium,  or 
chloride  of  barium,  covers  iteelf  in  like  nmnner.  in  the  Inst  meutioned 
eolqlions,  with  octohedral  or  tetrnhedral  eombinattoiig  of  tbiorido  of  silver 
"with  tlieeo  metallic  cbl<J?'ide&  Tin  ctijipiag  in  Iho  ea.me  manner  into  ooni- 
mon  salt  and  sulphate  of  copper,  covers  itself  in  tba  former  with  upeiilea 
of  chloride  of  tin  and  Eodium — and  lead,  with  tetrahedrons  wf  chloride  of 
lead  am]  sodium.  (Bccijuorel.) 

If  solution  of  E3,l-aiiin]oniac  or  common  salt  bo  poured  upon  pulverised 
oxide  of  lead  in  a  tube  seated  at  th^  bottom,  and  a  rod  of  lead  imruer^d! 
so  as  to  touch  the  oxide,  reduced  lead  is  deposited  upon  it.  When  guIu- 
iioD  of  ^ioJ- ammoniac  is  placed  above  peroxinle  of  lead,  an  iiUaierged  leaden 
rod  becomes  covered  with  needles,  from  which  water  extracts  sal-ammo- 
uitc, — ^probablv  therefore  chlorido  of  lead,  and  aitiitionium.  [I»  the  first 
place,  oxide  of  leati  dissolves  at  the  tower  part  in  sal-aintnoiiine  or  com> 
mon  Bait:  two  liquids  are  tlma  formed:  the  former  yielda  ehlorine  to  the 
lead;  the  latter  depo,aitH  reduced  lead,  if  protoxide  of  lead  has  been 
need — or  when  peroxide  of  lead  is  employed,  extracts  oxygen  from  it.] — 
In  like  maimer,  a  copper  rod  dipping  into  oxide  of  copper  and  solution  of 
aahnmmoiiiao — neceas  of  air  heing  prevented — becomes  covered  willi  large 
crystalfl,  consisting  of  a  combination  of  eubcblorido  of  copper  with  eal- 
amnioniac — eolourleea  at  fir&t,  afterwards  acquiring  ayellow  tiut,  aud  dif- 
fering in  form  from  thoao  pierioiisly  meutiontd  (p.  400).  (Becqnerel.) 

If  the  tube  stopped  at  the  bottom  with  clay  \App.  8),  coutalna  solu- 
tion of  iodide  of  potusfiium — tbc  lube  6  solution  of  iiitrato  of  lead— the  ves- 
sel e  any  conducting  watery  liquirdl — and  the  ends  of  an  arc  of  lead  dippiug 
into  a  and  0, — white  eiik^  needles  of  ioilide  of  lead  and  pota>s8ium  are 
deposited  upon  the  lead  in  n,  Kt^dnally  deconiposin£[,  and  changing  into 
octoheilrone  of  Iodide  of  lead. — It' a  contains  iodide  of  potassium  or  nodlum, 
Bod  &  eutpbate  of  copper,  Rictallic  copper  is  deposited  on  the  lead  in  i; 
and  OD  the  lead  in  u,  long  eilky  needles  of  iodide  of  lead  and  potassium, 
or  iodide  of  load  and  Eodium,  from  which  water  extracts  iodide  of  potaa- 
Bium  or  sodium. — Coppor  treated  in  the  same  manner  gives,  at  first,  white 
needlee  of  iodide  of  copper  and  potHssinm,  then — after  their  decomposi- 
tion—HJCtobedrona  of  iodide  of  copper,  (Bccqucrel.) 

Tube  a  {App.  fl),  containing  hydroHiilphuret  of  pntaBsiiim,  which 
ehould  be  slightly  deconiposeil  by  exposure  to  tbe  air,  and  tube  b  contain- 
ing nitrate  of  copper,  sulphuret  of  copper  and  potassium  is  at  first  depo- 
sited on  the  Copper  in  a  in  fine  silky  needles ;  these.  However,  nro  gradually 

vot.  2  n 
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S.  The/our  ends  of  two  tneialUc  nret  dip  into  tm  teparate  wtteti  filed 

wif-h  liqnid. 

In  tlicee  ctuea,  one  of  tlie  l^uida  is  ilecompaeed  tbo  metal^  the  otlier 
)tj  the  ekctric  current  tlius  proJuccd. 

A.  Tlu  iattte  liquid  in  hoOi  vetieU. 

■a.  Two  Meiali.—I%e  ends  o/holh  metals  dtp  into  one  testel,  ike  enUi  0/ 

one  7/utal  onl^  mCo  the  oUur  vattl. 

Id  tbe  fotlowing:  ezpcrimeiit?,  Faraday  made  nse  <ii  App.  19.  Tlio 
platinum  wiie  0  which  dipa  into  the  glass  TetiseL  a,  \a  contioaeU  by  tliQ 
galvanometer,  and  coDuected  bj  tli«  irt^in  Trire  ys  with  tho  plnlinam  wire 
y>,  which  dips  into  Ibo  veesel  b.  The  iron,  niotol,  op  eilFer  wire  dipping 
into  a  is  cpnnected  nt  it  with  the  platinum  wire  (■which  dips  into  6. — Tho 
Cmrent  eicited  by  (he  iron,  nicikel,  or  Hilrer,  iu  wonectioti  with  tlio  pla- 
tinum in  the  Iic{uid  of  the  vessel  n,  hna  to  make  its  way  througii  th» 
liquid  in  ths  veaacl  b,  wbicli  wfiakdQa  and,  in  some  ca^eSj  conipEfit^ly 
■tops  it. 

If  a,  b,  contain  oitric  acid  freed  by  boiling^  from  nitrous  actd,  the  iron 
ippeftra  slightly  positive  (».  e,,  positive  electricity  goes  from  o  through  y, 
9fP,  i,  to^l;  but  the  current  is  so  feeble,  that  it  im  far  exceeded  by  tho 
Opposite  current  excited  by  the  introduction  of  a  piece  of  jmper  moistened 
■with  hydrochloric  acid^  between  tho  iron  and  platitiuta  at  x.  A  similar 
ffuult  is  obt&ined  when  the  end  of  tbo  iroD  wire  which  dips  into  a  had 
been  made  pa^ivC  by  ignition  in  the  air.  If  tbo  acid  ia  diluted  with  four 
ineMurca  of  wat-cff  the  current  ie  stilt  weaker ;  and  in  both  cjiaea  it  is  sur- 
pAflsed  by  a  tbenno-clcctric  current  produced  by  a  slagle  pair  of  bismuth 
and  Antimony. 

When  n,  6,  contain  fuming  nitric  acid — which  conducts  better  than  the 
ordinaiyncid — iron  produces  astron^er  current,  which  is  onl;^  reduced  one 
half  by  the  opposite  thermo-ctoctric  current  of  &  single  pair  of  bismuth 
and  antimony. 

If  both  veesele  contaiu  ti  mirtnro  of  equal  parta  of  hyponitrio  arid  and 
■water,  both  ignited  and  nnignited  iron  are  at  first  plighlly  positive;  but 
the  ciirront  soon  ccnsea*  Uniguitecl  iron  in  a  becomes  passive;  hut  the 
circuit  ptill  conducts  a  ihcnno-eleclric  current  well  (though  not  nearly  so 
■well  aa  flulphuret  of  polassium) — and  moistened  paper  between  the  plati- 
num and  iron  at  x  escitee  an  onpoaite  current.  When  tho  end  of  (he  iron 
dipping  into  a  has  been  ignitetl^  the  circuit,  after  it  hiui  become  inactive 
conducts  the  thermo-electric  current  with  great  facility.  [Iron  rendered 
passive  by  hypanitric  acid  is  covered  with  peroxide  of  iron,  which  is  not 
quite  80  good  a  conrlactor  as  the  black  oxide  (Fe*  0*),  with  which  iron 
Tendered  paesive  by  ignition  is  coated.] 

In  concentrated  aijueonB  aolution  of  potash,  silver  gives  scarcely  any 
current;  iron  or  nickel,  a  feeble  current  which  boou  diminishes.  Wleu 
tbe  solution  of  potash  is  diluted  with  six  measures  of  water,  fiilver  gives 
no  current,  nickel  or  iron  n  feeble  one,  which,  however,  continues  for  a 
longer  time.  In  these  caries,  paper  wetted  with  nitric  acid,  introduced  at 
X,  excites  an  oppoeito  current  of  greater  strength. 

If  the  cups  a,  t>,  contain  yellow  solution  of  aulphuret  of  potassium,  tlio 
iron  appears  negative  towaids  the  pltvlinum  fox  ten  minutes,  ou  account 
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of  the  oxiile  wliicL  ndlieres  In  it.  After  this,  the  current  ceaeea  »t 
Nevertheless,  the  circuit  toniliicts  oilmintblv — ftoJ  projuces  s  thenm>-elfe- 
tric  current  cm  tho  application  of  heat  ata-,  y.  or  s  (where  the  iron  tfij 
platiuiiiii  toiK-li  one  unutiier) — aiiil  a.  ^^iilv^aiiic  current  of  ttill  lE^rc^iter  }>o 
on  the  introJuction  of  paper  inoistLMteil  with  dilute  atiii  betweon  tic 
metale. — It  npjiears  then  that  no  titrrcTit  is  excited  hy  the  cnnt»ct  of 
hetero|ireTjeous  metal?  at-c  (tho  eifect^  of  contact  aty  and  z  n-oald  nrnt" 
each  other);  but  wIjch  the  nictnls  are  geparated  at  jr  hy  a  moiiit 
ductor,  a  current  is  produced' — Jual  a-s  plalinintt  hehav««  with  iron 
BoliitioD  of  sulphuret  of  potassium,  so  nlso  Jot's  ^old  hebuve  with  inm  M 
nickel,  atid  palladium  with  iron  ot  nickfd:  the  diglit  deScctiou  of  1^ 
needle  wbtfib  always  takes  pkce  atfirat,  sfion  ceasea.  Only  in  the  tateM 
platinmn  with  pallftdinm,  is  the  very  feeWe  current  of  lon^if  dnmti«i— 
the  palladium  after  some  time  becoming  Mvered  with  sutphurot  of  fialU- 
dium.  (Faraday.) 

If  the  cupa  a,b  (App.  2)  contain  solution  af  QEtnite  of  silver — the 
i  cobsistiu^  of  silver,  the  arc  o  p  of  ainc  at  o  and  of  silver  »t  p — a  si 
tree  \i  formed  at and  g,  and  likewise  [W  purely  chemical  motion]  on 
sine,  whilst  the  silver  eud  t  d'asolvea.  (H.  Uo&e,} 

The  cup5  a,  (ji/'/v^  2),  contninin^  solution  of  n!tr&^ — o  being  sm 
platinmn,  aud  ;/  i  zmc — the  currfut  ia  6tron*jer  than  whon  a  aTi<l  4  are 
nected  hy  a  hiindle  of  Ihrcadfi  satiiraled  willi  mhition  of  nltrp,  insUani 
by  the  arc  of  line,  (II.  Davy.)  In  Fiiraday'e  experiments,  thnv  cnibtf 
the  less  DJadnble  metal  lire  ui^ed;  in  those  of  Davy,  three  ends  of  tli«  nun 
oxidable  metal.  ( IW.  DecomposUionM  bif  tht  eUciric  curreHt,  fSnjAitifm) 

b.  Three  MeUiU  and  one  Liquid.    One  m^t/iilic  arc  vonauls  oftteo  difi 
nielals,  tfie  other  of  the  third  wiefoif. 

The  eupa  a,  h  (App.  2),  coutainjng  a  solution  of  copper,  and  q 
iug  of  Jilno,  p  of  silver, — copper  is  precipitated  on  the  silver,  providvJ 
eceond  metallie  arc  ^  t  is  formed  of  one  of  the  more  oxidable  m«tAl% 
of  ^old  or  platinum.  (Singer.) 

The  veBgc|s  n  ami  h  {App.  2),  containing  Bolntion  of  nitrate  of  nl 
and  o  cnnBistinfT  of  line,  p  of  platinum,  g  i  ai  silver, — silver  i&  r«duc«<it 
o,p,  and^,  wliilo  iho  Bilver  end  i  diJ^aolvca,    (The  zinc  as  it  oxi 
aeuilB  nepiiivo  electriirity  to  the  platinum — which  negative  elertricitj 
bines  with  tho  silver  there  reduccil;  the  silver  redueed  by  xine  in 
deposited,  partly  on  the  ziuc  by  purely  chemical  action,  partly  on  the  wE 
end  y  by  electro-chomiual  actiou.    The  negative  electricity  which  h« 
coTiibiao  with  tlje  eilver  reduced  at  the  cad  if  recoivce  it  from  the  mI 
end  i,  fr<»tn  which  ncgutive  electrieity  is  set  free  hy  the  ootubioAtio 
tb«  silver  with  oiygcu.] — When  the  silver  arc  g  i  is  replaowl  by  an  u« 
platinum,  the  actirhn  is  much  Uuwer  [hecaiise  the  platinuui  end  i  Lakes 
DO  oxygon,,  and  thereforo  gives  ri^e  ti^  po  trmt^posltion  of  atoms  in  6). 
the  vfiMcla  a,  b,  coutnin  solution  of  sulphate  of  copper,  and  y  i*  oaosi- 
Silver,  copper  ia  deposited  on  tho  liiic  [by  purely  chemical  action), 
likewise,  after  twenty -four  lioiirs,  on  the  platinum  and  on  the  silver  cnJ  f 
[eilvcr  prohnldy  iifso  di^ioEviug  iit  i]. — When  the  arc    >  o«>n«i>>t«  of 
tinuin,  the  plulinutu  6  does  mot  become  covered  Tvith  roppi-r  till  nfle* 
lapM>  of  1w(j  (laya;  lnU  the  artioti  in  much  more  energetic  when  the  ore 
18  fornieil  nf  aiue,  tin,  IcnJ,  or  iron,  (PfafFJ 

If  the  vovtwla  a^h  {App.  S)  contain  a  mixturo  of  1  part  of  oil 
vitriol  and  tOO  purl^  af  water,  op  being  an  iron  wire  coat«J  at  y 
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9Xtde  of  lend,  and  >/  i  !i<  platinam  wire, — hydrogen  g&a  Is  evo]ved  at 
ie  plttthium  end  y,  and  oiygen  at  tlie  platinum  end  i.  fSciiqulseiq.) 
TLe  luotfdlic  lire  (J^)^.  2),  conaisting  of  platiaiiiii  dippiug  into  a 
by  a  point,  but  into  b\»y  a  largo  aitrface,  and  tbe  tups  u,  6  coDtaiiiing 
w&ter,  or  a  inixturo  of  I  part  oil  of  vitriol  and  TO  partu  water,  or  1  part 
oil  of  vitriol,  5  parts  coiiimoci  salt,  and  100  p&rts  water,  or  a  inisturo  of 
sea-wat«r  and  nitric  acid, — a  largef  deflettion  is  produced  when  tbe  arc 
ff  i  coDsisttt  of  zinc  at  i  and  copper  at  j,  than  when  it  is  arranged  the  con- 
trary way.  But  witli  n  mixture  containiuj^  from  i  to  18  parts  oil  of 
vitriol  witb  1000  parts  water,  or  1  part  bydroclilortc  acid  and  80  patta 
water,  the  strongest  deflection  ia  produced  witli  zinc  in  a  and  copper  in  6. 
With  1  part  of  common  salt  in  10  of  water,  the  deflection  in  equally 
strong  both  vaya,  (Mariauini.) 

Varmn  combinaticnii  with  thrte  and  four  mftaU, 

Tlie  vessels  a,  b  (App.  2),  contaiuing  eitlicr  pure  or  acidulated  water, 
current  produces  tho  ?amo  deflection  of  tliQ  necdlu  in  each  of  tlie  fol- 
lowing three  combination^:  1.  o  line,  g  |datimiini,  p  and  i  copper,^— 2,  o 
sine,  p  platinum,  g  and  i  copper  j — 3,  o  zmc,  p  copper,  g  plaiiuum,  i  icon, 
(Poggcndorff.) 

If  both  ve^U  contain  Water  acidulated  with  aulplmric  acid,  o  being 
cadmium,  iron,  p  platinum,  and  i  copper,  the  current  eicil«d  by  copper 
with  platinum  baa  the  advanUgo  over  that  produced  by  cadmium  with 
iion;  whereas  a  simple  cittuit  of  cadmium  and  iron  proaucea  an  electric 
current  400  timet!  as  strung  as  that  oxcitcd  hy  a  copper  and  platinum 
arcait. 


B.  Two  Liquids  and  tteo  Mttah^ 
a.  Kash  laelaU-ic  arc  wnti4t9  of  one  mital. 


I  drc 

This  armngenient  may  bo  rognrded  aa  a  combination  of  two  circuits  of 
I  two  raetaljs  and  one  liq^uicf—  or,  wrording  to  PoLI,  ob  a,  combination  of  two 
I  drcnits  of  one  metal  and  two  lif|uida. 

I  Expcrtmenta  of  this  Itind  may  be  m^ide  with  App.  2; — App.  20.  (The 
upper  end  of  one  of  tbe  metals  is  bent  round,  and  either  beaten  oat  flat  or 
hollowed  into  a  cup;  and  in  or  upon  this  5b  placed  a  lii^uid  or  a  piece  of 
paper  saturated  with  a  liquid,  with  which  tbe  bent  wire  i  of  the  other 
niotallic  plntc  ff  ts  connected); — dp/j.  21,  (The  two  bent  tubes  are  filled 
with  the  {wo  liquids,  in  which  are  immersed  the  four  ends  of  the  two 
metallic  arcs. 

If  the  cup  a  {App^  2},  contains  oil  of  vctriol,  and  6  nitric  acid — the  am 
op  conaiating  of  platinum,  gi  of  zinc,  tin,  lead,  iron,  copjicr,  brass,  or 
silver — positive  electricity  goes  from  the  oil  of  vitriol,  through  the  yalva- 
Domcter  interposed  in  the  platinum  arc,  to  the  nitric  acid.  Hence  tbe 
galvanic  action  of  the  mI  of  vitriol  on  the  more  oxidnhle  metal  overcomes 
that  of  the  nitric  acid.  The  contrary  effect  is  generally  urtwiucc'J,  if  the 
cup  a  contaiuB  solution  of  chloride  of  calcium  instead  of  oil  of  vitriol; 
but  the  current  ia  fooble.  (De  la  Rive.) 

The  Clip  a  (App.  20)  containinjj  water  mired  with  sulphuric  acid  and 
a  little  nitric,  tho  arc  op  being  formed  of  linc  and  g  t  of  platinum,  and  a 
piece  of  paper  Baturalcd  with  iodide  of  [wtassium  beiuf,'  placoil  between  p 
and  — iodine  ia  deparateJ  upon  the  platinum;  and  when  turmeric  paper 
is  need,  it  ia  turned  brown  from  tbe  liberation  of  al^Loli  on  tbo  zinc  p. 


KLKCTvicnr, 


of  Am  mtmi  liqoiii  u*  obtained  witk 

of  pateab  or  oominan  mh ;  ud  Hkmi 
vish        1 9),  witli  Hiiwlginwteiti  Im,  jft^ 
"  witk  ralpliarie  meid.    In  tkMM 
mdil  or  anxunoD  wit  Vfm  tb 
wi  ia^ie  of  |Kilajttiiuii  on  tht 
■a  with  plutnun  la  dilst*  sal~ 
flf  iadid*  of  pniaoniTinij  foaod  pi 
■Uon^  of  tOvtr-hml  mc  war  Midab4ad  viA 
•od.  MhtHBof  GUabar's  m1i»  fined 
of  T»  tho»  COM  la  wUdi  no  docM 

ii  Skswiw  M  omoBt  indvoed. — Ziao  wd  ; 
of  pofeuh,  or  k  ouiXvra  of  Mnmonia  aad  m 
JoliiNi  of  iDdide  of  potAfiSiain, 
I  if  anl  kfAndUimc  uld. — Zioc  ud  platan 

~~  '  balk  MJ^ime  aad  aitrk  acid,  decompoees  aot 


i  nitre,  faaed  ob1ond«  of  IvmI, 
of  imi,  hot  not  aololiaB  of  acetate  of  lead.    It  kv* 
Ike  Mi— iky  of  Ibo  ooneat  iti&t  determines  the  d< 
i:  lugo  pletiM  of  aino  and  platinum  U 
do  aet  deeonpooe  tlie  but  meBtHmtd 
w  I  lui^i  Jrif  toboi  plaee  leodilj-,  oren  with 
tbM*  wtek.  if  Ae  vMcv  nnwawi  lArie  ia  additioB  to  tbe  mtpbiris 
At  all  treati  it  feUovi  froai  tbaa  ifpi— ihat  contaet  of 
ko4  OBMatial     lb*  aiid«iiliiB  of  am  ofactrio  evnot.— Polkbed  hU 
■dotiow  m  vatar  Kmn  leodecat  a  emvit  eapaUe  of 
oft  III  (Fanda^O 
Water  e—taiaiag  wlpbonc  acid  beiiig  placed  in  tbe  Tee8ela(J 
ai|«eew  wtatiia  ef  potaM  in  f ,  and  tbe  rais  of  the  sine  arc  op 
Ihie  coffOr  or  piatiaMB  an  y  i  dipping  inta  both  Ij<{uids,— a  eamat 
(tw  &rst  iiLflaai  prod»wd  la  bToor  <d  the  potash  (from  «  to  p)-^ 
mtisoa  iwimdioMt.  (Faradaj.) 

Tbe  •»»!»  YI)opawttuig(^pUtmam.  iboaTDf^iof  6SMrf« 
laetiil,  aad  tbe  tawe  a,. 6,  ooataiiiiDg  difierent  li^nide— «d  ftlcctho  omM^ 
(HanUy  a  itraill  <nmv  ia  pndaced  in  the  direction  aopb,  wlie^ 


UQttida  and  toctat  art  dMfoocd  in  ibe  foUowing  order :  y  >  imai  a  <_ 
•Qlphtirio  acid,  i  faauD^  aitiio  aoid ; — ^  i  inm,  a  bjdivi^lcrio  1^  I 
t^jponitric  arid  dituieij  with  watfr  «afficieat  to  Okako  it  gnmi;  g-^ 
aaaniium,  \<Ad,  ut  wpp«r,  a  h_r<lrDchIorir  a/rid,  b  iodide  of 
g  i  iron,  a  dilute  lirdrvdilonc  acid,  b  fimio^  aiirie  or  - 
of  eatphnret  of  pota^om ; — iron,  d  dilate  nitric  aeid,'. 
oalounaaa  nitrio  aeid,  ^mii^  nitrid  add,  hvdrated  grcoti  h^pooitrie 
or  ydloir  K^Dtioo  of  salpharet  or  poussium;— iron,  nnc^  caloM^ 
lead,  iir  oopjpcr^  a  dilate  nitric  acid,  h  iodide  of  potaaoitun;— jfiina* 
water  ot  Hulution  of  oonniou  ^all,  b  hTdratad  men  byponitrk  adlr-S 
the  ar«  »/)  eonsiAd  of  irt>a  iii6t«iid  of  |ualinua,  the  cnrroDt  talw  tbi  a* 
diriMTlioa  wtth  the  foUwwing  anangemeota :  pi  aoe  or  load,  a  al  ^ 
vitriol.  A  dilute  Mlphuric  acta  i  copper,  a  yellow  ralpbant  ef 
eium  or  Htrun^  nitric  acid,  £  dihita  nitric  acid  or  todida  of  ootMi*' 
TEic  gnlvanic  aetiuo  of  the  liquid  oontuoed  Id  a  alvan  tareMBi** 

f'<wudorfr,  bjr  the  ose  of  App.  S,  obtuoed  cnnvat^  fiitUa  fa*  ^ 
Qoat  part,  and  var^rin^,  not  oolj  aooordioff  to  th«  UqnidaiiMd.bvtEkl'i* 
wardiRi;  w  tbe  oalure  of  lh«  meiala.   Tha  acids  aaed 
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denotes  that.  tLe  giiUanic  action  13  etrougest  in  tte  Teseel  e,  —  thg 
ontpftry;  +  deootiHS  that  tbe  current  takta  tbe  former  ilirt'otion  ai  first 
id  aftcrwiirds  the  latter;  +  the  contrary. 


Zioc Willi  TintriUi  TiMwiih 
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The  direction  of  tbo  onrrent  Tariea  with  tbe  dc^reo  of  concentratinn. 
ziuo  aod  plutiiiuni,  bydrocblorio  avid  produee*  aetruii^ET  current 
iodide  of  pytaasiuBi;  hut  witli  dilute  acid  liiu  cyntrary  etlei^t  ia  ob- 
eJ.     With  ziuc  and  copper,  dilute  bydrocbloric  avid  aho  has  tho 
^repou  Jem  lice,  [Ijecauae  tho  cuppor  takes       iodine].    SuJpburic  acid 
ith  pktiuum  zxnd  zinc  is  ofcrcvino  by  iwlide  of  pota^ium  [Famchiy 
rte  tbe  coutntryj;  uud  vitL  a.  mixture  of  one  ineafiuro  of  oil  of  vitriol 
two  iiLoai^uree<  of  water,  no  current  ia  produced.  (Paggondorff.) 
Tho  arc  op  conisiiiting  of  plalinuin,  the  arc  ff  i  of  zinc,  and  tbe  two 
ets  Qj  6,  containing  water — tlien,  if  from  any  inet^iiality  in  tlio  zino 
iCee,  a  feeMc  current  is  produced  proceeding  from  a  to  6,  tliij  current  ia 
bually  fitreogthened  by  the  introduction  of  common  salt  into  6 — although 
ia  suu«taiioe,  by  increasing  tho  clicmical  action  in  b,  might  be  expected 
produce  aa  opposite  current.    NitriiC  acid  introduced  into  b  likccciso 
rongtheoa  the  current  in  many  cases,  but  sometimes  changes  its  direction, 
Pocgcndorfl',) 

When  the  ireasela  a,  h  {App.  2),  contain  water,  and  op  consists  of 
latinum,  g  I  of  iiuc,  no  current  ia  apparentf  even  on  heating^  one  of  the 
Id  to  the  iMjiliog  point,  althoagb  the  chemical  action  must  be  thereby 
Increased:  but  the  addition  of  a  eninll  quantity  of  acid  or  salt  to  tho 
water  in  one  of  tbe  glasses  immediately  cscitoe  a  current,  (Poggendorff.) 

If  tlie  cup  a  [App.  '2)  be  divideil  into  two  parts  hy  a  membraaoufl 
diaphrai^Tu — tbo  left  hiind  dlvijiion  in  which  the  platinum  arc  op  ts  im- 
meracd  coutiiiuing  nitric  acid,  while  the  nglit.  band  division  into  which  the 
arc  g  i  '13  made  to  dip,  and  lihcwiso  tbe  cup  are  filled  with  a  mixture  of 
one  meaeure  of  oil  of  vitriol  and  throe  inoasurBs  of  water — a  feeble  current 
ia  oxcited  in  favour  of  tho  cup  a;  but  the  zinc  in  b  ia  most  (quickly 
disBulvod.  (FoggcndorlT.) 
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b.  Out  meivttic  are  is  formed  aitirtti/  of  one  tttdial,  the  other  areka^if 

metal,  and  half  of  the  other. 

Tho  arc  o  p  {App.  2)  consisting;  of  plalinuiu,  tlic  are  g  i  half  of  « 
b.ilf  of  plutimini, — aUo  one  of  tbo  ciipe  containing  oil  of  vitriol,  the  othi 
nilricaciil, — the  deflection  amomita  to  on!y  o^,  when  the  cop(}€r  is  pli««d 
io  tho  nitric  acid;  but  to  10"  when  it  h  immerwed  iu  the  oil  of  vitriol— 
nlthou^li  the  eoliiliuEi  it<  much  more  rapid  iu  tlie  finit  <^asb  Xhan  to  llw 
eocotid; — and  popper  with  pUlinum  iininprecd  in  nitvic  acid  alone.  pn»- 
tbicoa  a  dcflectiua  of  DO";  anii  m  oil.  of  vitriol  alone,  a  deflection  of  IO*. 
In  coRscf|Ucnt:o  uf  tli^:  small  CDuductihiliiy  [deconip<}«il)i]ity]  of  the  oil  «f 
vitriol,  the  electrioity  duveloped  ly  the  copper  and  the  nitric  scid  boooaw 
ueuttulized  directly  on  tlie  inel»l.  (De  li  Rive) 

The  arc  op  {A pp.  "2)  and  (/  cgnsistin^  of  ctipl>er,  i  of  zmc,—OT,  on  Ibe 
contrary,  op  and  y  of  tine,  and  i  of  co}iper, — and  the  cnp  a  contsiniaj 
Epriii^''  water,  !i  acidulated  water,  or  the  contrary,— the  current  is  of  tfc* 
Fame  etrengtli  in  nil  fourcaeos:  it  diminighies  Uowevef  ntorc  (juicklywhw 
the  zinc  is  imnn^rsed  in  the  acidulntetl  water,  than  when  it  is  plac«u  in  lio 
spring' water.  ( Pyg'^nJortf") 


f.  Tm  Lfijuiih  and  thrft  Mttah, 

The  vesael  a  {App.  2)  contti-ining  nitric  ncidj  h  water,  and  the  arc  if 
cunaistirg  of  platinum,  g  of  silirer,  i  of  coppufj  iron,  lead,  or  xinc, — then 
la.st  mettilfi  iiJe  pmitivo,  although  they  are  much  IcBs  attacked  than 
silver  in  the  nitriu  acid.  (Mariauini.) 

Addendtm. 


1 


i 


PohVs  Balttnj.  Oiio  5tinc  and  seven  copper  plates  are  sppamtod  fwm 
one  another  l>y  eoven  layers  of  a  mytat  coudnctor  which  doca  not  eurrouud 
them,  but  merely  touches  their  surfaces,  {App,  22;  Z  =  jinc,  C  =  copper, 
m  =  moist  CQuductor.)  The  zinc  at  one  pnd  \n  connected  by  a  met&Uic 
arc  with  the  copper.  No.  7,  a.t  the  opposite  end;  siniiUrly,  C  with  C*,  C 
wilh  C*,  and  C  with  C.  An  electric  current  sensible  to 
^iilvanometer  goes  throu^^h  aU  tlie  mcs,  through  the  first  and  third  in  nnd 
direction,  throii;;h  tho  eecoiid  and  fourtli  in  the  opposite  direction, 
current  in  the  first  arc  ia  the  fctron]Kest,  ihat  of  the  second  weaker, 
that  of  tlio  fourth  weakest  of  all.  (Pohl.)  [The  itnc  in  connectioD 
C,  C\  and  C  fiiruisliCs  an  example  of  the  ease  of  tw  o  metals  with 
lii^nid  in  two  vcescls.  descriiied  on  pjige  403-  Thid  produeea  a  CBrre 
which  goes  from  C  through  tlie  first  nrc  to  the  nine,  amt  from  C  Ihroi 
the  Hccond  arc  ta  C*.  So  far  the  result  u  caeily  explained;  bnt  the  ori, 
of  tEiQ  current  in  tho  third  and  fourth  arcs  is  not  yet  uc«rtain 
Cvmpare  iienrtci.    {fiffff.  53,  28-1.) 

roi'f'a  Conli'JCted  Pik.  {Pugg.  50,  4fl7.) 

iNSTIirMENTS  POR  TUB  PBOTlttCTIOM  OP  ElECTBIC  ClTBREMTS  BT  Hi 

Chemical  Actiom. 
I.  Jmtn(mrntt  contittiug  of  a  Simple  Gatvanie  Circuit, 

WotlttiUaa't    Tkimhte  4ppi>-^Ul.B  {GUI.    54,  1).— tho  EDiallwl  ma^fi 
^Ivanlc  circuit  capable  of  igniting  n  metallic  wire,  is  thus  conilrMlid 
A  copper  thlinhk  cunvertod  hy  rcraoYol  of  the  bottom  into  »  vfViai^ 
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led  at  both  ends,  ia  beaten  fiat; — so  that  the  opposite  sides  are  brongbt 
fithin  twu  lioea  of  one  anotlier.  In  this  spjice,  a  zinc  plate  not  qnite  J  of 
inch  wid^  ia  fastened  with  sealiog  wax  in  such  a  manuior  as  uo  where 
to  eoine  iu  roiitact  with  the  thimble.  Tn  the  upper  end  of  the  thimble 
is  soldereil  a  loop  of  silver  wire.  A  platinum  wire  1  inch  long  and  ^ 
of  4111  inch  thick  is  eoldered  to  tlie  upper  part  of  loop,  uaii  thence, 
Lurried  in  a  slanting  direction  tonanla  llm  zinc.  Another  einiilar  wire 
fastened  to  the  zinc  plate  pruuceda  in  a  direction  opposite  to  tlie  furiner, 
the  two  wires  bein^  fastened  into  glitas  bulbs,  and  runnins  parallel  to  one 
antidiei"  for  a  cert,iin  distance  with  a  very  email  interval  between  thenu 
'*astly  these  two  wires  are  connected  together  in  the  middle  hy  a  very  fine 
rire  of  pbtiauni.  Toobtaln  this  fine  wird,  a  platinum  wire  -pfpn  of  nii  incb 
lick  is  eiinuiindcd  in  a  moiiM  with  a  bar  of  eilver  ^  of  an  ineb  thick.  The 
ipound  wire  thug  funned  is  drawn  out  to  tlie  tbichiiess  of  yJ;^  of  an  inch; 
b^iece  of  it,  an  inch  in.  length,  is  bent  round,  and  the  bent  part  inamor^ed  in 
>tricaclJ — which,  hy  dissolving'  the  filver,  exposes  a  platinum  wire  of  euch 
ttreme  fineness  that  it  can  scarcely  he  Be«u  by  the  naked  eye.  If  now 
ge  ends  uf  this  wire  still  retaining  the  diver  ho  drawn  tightly  over  the 
ra  thiizh  plutiniini  wires,  soldered  to  them  with  zittc  and  gal-amuodiaA, 
id  then  ttie  projecting  parts  cut  ofl",  the  two  thick  pktiiiuni  wires  will 
rontiected  liy  iuean$  of  a  wii-©  of  extreme  tenuity.  On  fnimcrsing  thia 
Jparatus  nearly  Hp  to  its  upper  rim  in  a  mixture  of  one  meacure  of  oil  of 
Uriul  and  50  nf  water,  the  fine  wire — whose  length  tnust  nut  exceed 
Dm  -jig  I*  .5!^  of  an  inch — hcfonies  incandeaccnt  and  remaina  so  for  eome 
Becondfr.  [The  negative  electricity  set  free  from  the  ainc  as  it  diseolves 
^combines  in  the  very  thin  wire — through  which  it  pasaeg  with  diffieutty 
-with  positive  electricity  evolved  from  the  thimble.] 

Hart's  Defiagrator  and  Caloritnatof.     Large  continnoDB;  surfaces  of 
ic  on  the  one  ha,nd  and  copper  on  the  other,  phi.ced  near  to  one  another 
it  not  in  contiu^t,  are  inimcraed  in  an  acid  liquid.    If  the  copper  and 
Sdc  ho  then  connected  by  a  thick  metallic  wire,  positive  electricity  goea 
am  the  copper  to  the  Eia>i;,  and  negative  electricity  from  the  zinc  to  the 
opperj  in  very  large  quantity — so  that  connecting  wires,  e^en  of  eoue 
licknesti  are  heated  and  fused,  and  a  piece  of  charcoal  placed  Wtween 
lie  end-H  is  brought  into  a  state  of  vivid  iucandescenec.     But  the 
snaiun  of  the  current  iu  ti3  low  as  when  ci  fniall  pair  of  plates  ta  used, 
leucc  when  the  oouuection  between  the  copper  and  zinc  is  formed  by 
leans  of  im]j'erfGCt  condnctorE,  euch  as  Ui^uide,  the  cumot  is  nearly 
pped. 

Of  the  DrUa^rntor  there  are  two  forms:  ].  A  sine  plate,  6  inchea 
ami  and  9  inchesi  long,  and  a  copper  plate,  0  inches  broiid  and  H  inches 
Dng,  are  rolled  up  together  into  a  cylinder  2^  inches  in  diameter,  in  such 
manner  that  they  never  come  iuto  actual  contact,  but  remain  at  the 
lltiDPe  of  a  quarter  of  »n  iiii;h  from  ouo  another, — the  lA^t  coil  of  tbo 
IIDQ  being  completely  fiurrouudcd  by  the  copjwr.    All  the  copper  platea 
>f  eighty  each  rolls  arc  united  by  eoldoring  with  a  single  metallic  rod,  and 
'I1U8  connected  with  each  other;  a  aimilar  connection,  is  mfl.de  between  nil 
be  zinc  plittes.     When  these  roUa,  Buepcndcd  by  a  lever,  are  simnltit- 
eously  immersed  in  c^ighty  cylindrical  gl&ases  tilled  with  dilute  ncid,  and 
ae  (wo  metiillic  roils  cunnectcfl  by  a  platinum  wire  \  inch  thick,  the 
rire  is  inst;Lnt]y  melted.    Copper  and  mercury  are  burnt.    A  leaden  tube 
sing  Boldered  (o  the  extremity  of  the  wire  proceeding  from  the  copper, 
"Vnd  a  jHjjnted  pieeeof  clinjcoal  fixed  into  the  tube — then,  on  briugfug  thia 
piecQ  of  charcoal  near  another  piece  similarly  fitted  to  the  sine  uide,  u 
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near  a  platiuum  wire    inch  tbick,  couaected  willi  tlio  zlot,  %  BMt 
alitig  light  is  produced  (p.  317). 

2.  'iSvu  huadred  atid  Gfty  zinc  plates,  each  3  incliOB  wide  and  7  ineluf 
long,  are  ptaced  ia  260  dat  cupper  co^ce,  opeD  at  top  and  button.  Entj 
50  u/  these  -pairs  are  huti^^  on  a  «(?pHmte  bur  of  irood.  EncU  eoppw  cm 
iff  BeparateU  /roDi  tbe  next  by  s  covering  of  pa^te-buai^l,  ooaUnI  with 
gpheUac  vamisb.  In  this  rannner,  30  copper  cn^es  art-  uuite«l  iuto  one  dfote 
ms£4.  Uoiler  ti^h  of  (be  ^  immovable  bars  is  pl^e<l  a  trt>ugl».  filled  wit^ 
dilute  ac'til,    AH  5  troiigba  are  placed  on  a,  cuuimun  eupport,  wbieb  caa 

let  up  anil  do«'n— that,  on  raifitig'  tbe  troughe.  the  liquid  eoDttiaed 
io  tbom  Ells  tbe  space  between  tbo  zinc  a.ud  cupper.  The  effoct$  [XO- 
daccd  by  this  npparatns  are  similar  to  tboso  of  tlio  arrangement  la»t  dv- 
erribed,  or  cveu  stronger. 

In  the  Calor'unoto'r ,  20  copptr  and  20  ziiic  plates,  each  baTiu^  n,  inj- 
bc«  of  19  sijuare  incbes,  are  fastfucd  nltamately  utid  ]>«rpendicuUrlv 
A  Irtuniie:  all  the  copper  pltitea  are  soldered  to  one  cohimoD  bar.  and' 
tbe  ^luc  ^>lftte»j  to  tinotber,    Tbe  irbole  ia  iromi^reed  in  a  trough  filled  wil 
8cid,  und  the  copper  connected  with  the  zinc  by  a  coiittuctor.     This  »p- 
paratuB  produces  einiilar  but  less  powerful  efTects,    With  from  SO  to  1 
copper  and  hjs  many  zitac  platesj  platlutim  wiro  may  bo  fused,  Ac. 


or- 


II-   Imti-umenti  fornted  hr/  Ote  utii^u  of  several  Simple  Galvanic  Ci 
VoUaic  PiUt  in  Ute  more  extetuied  Sense, — Galvanic  £aitn-iet. 

I.    Tke  Simple  OircuiU  eontiiting  of  two  Mgtalt  and  on*  or  fvo  f  I'jw'ift. 

When  two  tnetaU  m,  £,  *re  connected  with  a  fluid  «Ith  whidi  thty 
form  a  simple  g^lvunic  cifcuit,  in  the  following  order:  m  ft,  m/t,  m  fU 
&c.,  the  following  eflect*  aje  produced. 

1.  In  the  oiiteriuoitt  m  on  the  left,  and  the  out«mo«t  I  on  tb»  rigkt, 
ftxamiti&tion  vith  tbo  electrometer  (uot  iho  galvauomuter)  #bow8  thfl 
pnwencc  of  a  quantity  of  free  positive  and  free  negative  electricilj-,  wfaidl 
inorefliSee  with  the  uucnher  of  simple  drcuite  unik^d: — indeed,  the  hm 
electricity  appears  to  lucreaac  in  direct  proportion  to  the  number  of  mmfh 
cirouite. 

2.  When  on©  of  tbe  external  pieces  of  metal  ia  connected  wiih  lb« 
ground,  and  its  free  electricity  thereby  removed,  the  quantity  of  the  op> 
poeile  free  electricity  in  the  other  e:xtemal  piece  of  metal  is  doubled. 

3.  When  the  two  outside  pieces  of  metal  are  connectod  by  mmu  <rf 
%  goad  condnctor — «.  ff.  a  wire — ami  the  o/irti  cii-eiiU  thereby  coiiTertcd  into 
k  ctaafd  circvit^  the  deBcction  of  a  niai^uetie  needle  in  the  noi^blwnritovd 
of  the  wire  is  very  little,  if  at  nllj  ^renter  than  that  which  would  bo  pi^ 
dnred  by  a  simple  circuit  coneietju^  of  tlie  same  olements,~^provided  tut. 
in  the  latter  cuae,  tbo  connectin^^  wire  ie  thick  cnoo^h  to  afford  fm 
passage  to  electricity  of  small  teuaiou. 

4.  Bnt  tbe  tension  of  the  current  iticrea«ea  with  the  number  of 
pie  circuits  connected  together;  and  bencc,  the  current  <renerftted  fcy 
compuund  circuit  can  pa?9,  with  little  or  no  diniinutloD  of  «tr»Oirll 
through  lon^  wireR  and  imperfect  c<>ndut'tor«,  by  which  the  carmni  of 
atmplv  circuit  would  \w  greatly  cnfMohleHj,  or  even  comjihaely  arrcetod. 

5.  If,  while  (be  circuit  ia  elesed,  tha  cimtiguoiia  piecoa  of  metal  I, 

be  acpanited,  and  then  connected  by  a  wire,  an  electric  eurrcnt  will  paa. 
through  orery  tiueh  wire,  of  tho  eatno  quantity  and  teusio'a  aa  that  waieU 
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ees  tlirougli  the  metallio  oro  coDucctiag  tli»  two  outenoofit  pieces  of 
i«tal, 

1^ Circuit  optn;  If  twu  pairs  of  metallic  platee — e.     of  ztno  aad  copper 
ire  placed  iu  two  cups  or  cellis  a,  b  (App.  23),  filled  with  the  mme 
pquiti,  acidulated  wnter  for  inetancc,  C  teing  connected  witlj  Z'  by 
wire  yi,  but  Z'  not  connected  witli  C  by  tlj-e  wire  o^, — tlte  aegatjve 
Jectmitj  s«t  free  by  tlie  oKidatioa  of  Z"  may  indeed  pa&s  over  to  C',  and 
Tience  to  tbe  hydrogen  set  free  by  Z': — but  since  tbe  negative  electricity 
Bt  free  in  Z'  has  no  other  way  of  escaping  than  by  paaetng  to  the  hydro- 
en  of  the  cell  a,  and  the  liydrocreQ  Liberated  in  tho  cell  h  can  only 
eceive  its  negative  electricity  from  Z^ — ecarcelyanything  but  purely  cho- 
lical  action  takes  place,  and  the  hydrogen  ia  evolved  on  the  two  zinc 
platea.    But  just     in  the  imclosed  simple  circuit  (p.  ^\2,  c),  eo  likewiaa 
111  tbiscct«e,  a  feeble  electro-chemical  action  takes  placo:  for.  in  conse- 
laence  of  the  difBculty  which  the  negative  electricity  find^  in  {mssiiig 
iom  the  sine  to  tho  hydrogen,  ti  small  quantity  of  negative  electricity — • 
■rhich  may  be  called  one  negn-tive  portion — remain*  in  Z'  and  Z'.  TIte 
iaJ.1  (juantity  of  hydrogen  which  does  not  receive  from  the  (inc  tho 
inantity  of  negative  electricity  belonging  to  it,  either  tiikes  it  from  tha 
Joric  of  the  li<^tiid  and  liberates  positive  plectricjCy,  whit-h  pa«ser<  over 
and  Cj-'-or  it  is  conveyed  by  transposition  from  Z'  to  C,  and  from 
'  to      takiug  lip  negative  electricity  in  both  the««  plates,  and  liberat- 
3g  poaitire  electricity  (on&  positive  portion  («)  in  each  plate).  Ths 
sttive  portion  in  C  im mediately  unites  with  the  negative  portion  in  Z* 
form  caloric         and  since  to  tho  negative  portion  in  Z',  there  is  no 
Inser  opposed  any  positive  portion  ia  C  ,  uor  any  oegative  portion  bq  Z* 
the  positive  portion  in  C*,  and  c<;^n^<e4uently  the  electrical  difTerenco  is 
iuCAu  one'ha]f,~it  follows  that  2  ne^tivg  portions  can  accucanlate 
Z'  and  2  positive  portions  in  O,  till  the  tendency  of  the  t»o  electri- 
BtJea  to  comhine  provonts  their  farther  atcutnnlatiou.    Upon  this,  a 
&cond  pduitire  position  parses  into  C  and  a  second  negative  portion  to 
(y);  but  these  portions  again  neutralize  one  another  {i).  Whereas, 
berefore,  in  the  simple  gal vanlo  circuit,  the  sine  cfintainaone  negative  por< 
|ian  and  the  copper  one  positiv*  portion  of  free  electricity, — in  the  two- 
lir  circtiit,  on  the  other  hand,  'P  contaiua  2  ni^giitive  portions  and 
positive  portionB^  while  C  and  Z^  are  neutral.    This  accumulation  of  a 
louble  quantity  of  negative  elcctriotty  iu  Z'  and  of  poaitive  electricity  in 
producer  a  twofold  oteotrical  tension. 
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When  three  simple  cirenits  ar^  nnited  {App.  24),  one  positive  portion 
Dm  C  is  neutralized  by  one  negative  portion  from  Z',  and  similarly,  one 
ritivfr  portion  from  C  by  one  negative  portion  from  Z^  («,  B) :  ana  ainee 
_  .  He  4  plates  are  thereby  rendered  neutral,  a  Mcond  negative  portion 
MD  accumulate  iu  Z'  and  a  second  pnuitive  portion  in  C — whereupon  iIiq 
portions  developed  in  the  4  middle  pUtes  again  neutralize  one  another, 
\y,  1).  Gnt  thirdly,  2  negative  portions  acouiuulate  in  Z',  half  of  which 
is  comninuicated  to  C,  ami  3  positive  portions  In  half  of  which  ii 
conamunicat-ed  to  Z'  {i,0-  Since  now  Z',  which  already  contain* 
negative  poitdosti,  in  oppoaed  to  C,  witU  ouo  negativu  poition,  a  tbi 


mi  ieMB  if  mttuMinl 
viA  B;  m  Ifctf  mniiirifci  to  C  (■ 
Ib  tfe  aune  4  pantni 

a  C  wtn       tlKtMtT^  of  Z>  is  riwilwhiil  avvj, 
»7%elhe  Minber  of  |wr«  hi  the  tMUto^,  tke 
«f  fffliw  Bwe  y  4(>«bM  wlicn  the  eleetrinty  MonuhMd  a 
Hfcwpol^  if  onmeUd  avaj.] 

[OSm<d cAMof.-  A»  toon  m  Z'  ia  cotinected  with  C*  (^f*.  M) 
wrtaJJk  are  «;>,  d«ctr»-cb«oiicskl  actitrti  j«  enabled  t<>  procrcNlon  u  •« 
|«Bded  aeal*.    Tht  aegalUt  tilKlTtcitj  d^rcln^iod  by  tlii:  uxi'latiiQ  ^ 

ri  thimu^  o;»  to  C,  and  thenee  to  t!ie  liydmgen' liberuied  bv  Z'fr* 
mUrnt  cell  6.    Tho  negailvc  electricity  evolv-ej  at  <bo  »•* 
fram  Z*  nuMR  llimn^rf)  C'  to  tin?  Iiydrngen,  whicli  is  mn^fvmi 
to  C,    tlMv\t}mfi,  tin^ntivo  ck'Ctricily  ^gs  from  o  to  p  and  from  1 
(ir,  wlint  vunic'H  to  lliu  «an\o  tliiug,  jiouilive  electricity  goes  fiXHli  p  to  (■! 
from  ff  to  i, 

Tmi  ijimnLiliet  of  clecirirJtv  flowing  tbroogh  op  aod  ^«  an  tfd 
f(iiWiitiiitnnUir  «howB  tlio  nanw  dcflectioD,  wfaetlier  it  u  iaietft^i 
■■otwttcn  o/i  iiri/t.  Tins  k  in  anufdnnro  with  the  &pt,  iJittt  tbe  i|«uB<7 
l)ydn>tritii  ffNJt  pvolvoit  i^n  C  ifi  tli^  «»m«  as  thai  oa  C*.  S^pptut,  f' 
>.  timt  tlic  rlwtm  chcniiml  iw-li^'a  wttv  strtnj^rr  mi  iikaa  •P^ 
^iltly  <'f  iit'jinlii-c  cln'lririly  (nnsnillrd  fnkB  Z*  to  wvU 

Miffiftt^nt  to  MtnralVtbo  kjrdn^M        Ifcwii  iiiJiil  iry* 
t.t      ft  ^Bsatilr  of  M^athv  •^MCxiBit^  laaa  ihoB  tte  1*- 
hvdnwM  fvotrtvi  M  C*.     Hew*  tfi 
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ijoantities  of  eleolticity  pass  througli  the  two  metBlUc  arcs,  atnl  oqiittl 
^o]um>es  of  hyJroveii  gsta  ate  {^volveil  on  the  two  copper  pliLtca.  If  tlio 
i^cmiuil  ftvtion  in  one  cell  b(?comes  iatrun^r  Lban  thuL  in  tLo  otiicr,  the 
,,^(K>H3  tiHivs  tlic  purely  clieniical  fomi,  acid  tlic  sujieraliiiniliint  Lydrogea 
s  all  evolved  upon  the  zimc. 

Tlic  currout  iTLii'li  posses  from  o  lo  p  m  a  two  pair  circuit  ih  not 
•reater  ia  (luantity  thau  that  which  traverst-s  the  connecting  wire  &f  a 
limplc  circuity  proviUed  tli.it  tlio  quantity  of  sioc  dissolved  off  tlie  sine 
platp  of  tlic  Salter  iu  n  given  Lime  ia  etiLal  to  that  dissolved  from  each 
8]M  plate  of  the  two-|iitir  circuity  and  tliat  no  purely  ehcoticil  iietiou 
takes  jdace  in  either  caae  (sis  n  hen  atna-lga mated  zinc  is  uifcd); — or  else 
that  ill  both  cases  the  tjHaiifity  of  purely  chemical  action  bears  the  eanie 
proportitHii  to  that  of  the  electro-cliemical  nctioq.  For  the  negntive  eleo- 
tricity  wliicli  in  the  two-pair  battery  runs  through  op,  proo&eds,  not  from 
both  zinc  plates,  Lut  only  from  Z';  and  if  no  tdore  of  this  pJate  ha 
'oxidized  in  a  giveo  time  than  of  the  ^itic  plftte  of  a  single  pair,  the 
qaantity  of  u^gativc  clectricitv  developed  in  the  former  case  will  likewise 
not  he  greater  than  that  developed  in  the  latter.  The  negative  elet'tricity 
evolvcil  from  mtrely  passea  tbrough  tlie  arc  ff  1,  and  is  aL,«»rhed  at  C' 
'  liy  the  hydrogen.  Similarly^  with  latteries  consisting-  of  «cvoral  pairs; — 
HO  litany  paiia,  so  many  semraEe  currenta. 

If  the  circuit  he  openci  at  (/  i  while  it  remains  closed  at  op,  C  and  Z' 
become  the  poles.    If,  therefore,  in  a  battery  conaiBting  of  aeveral  pairs, 
and  having  its  ends  mctallicalLy  connected,  any  zinc  plate  he  separated 
I  fram  the  copper  plate  with  which  it  ie  aetioojutea,  thoae  two  plates  become 

The  quantity  of  electricity  in  the  current  may  however  be  increased 
nugineuting  the  nnniher  of  pairs,  if  the  electro -chemical  action  in  tho 
individual  pairs  is  accompanied  by  purely  chemical  action.  For,  thQ 
greater  tension  or  velocity  of  tho  current  produced  by  several  pairs  causes 
the  purely  cbcmical  action  to  diinini^ib  iind  tho  electro-oheDiicat  action  tu 
increase.  But  this  increase  of  quantity  can  only  rise  to  the  maximum  at 
which  tho  action  becomesi  wholly  electcp-chemical — and  ccnflcqneiitly,  aU 
the  negative  eleotricity  of  the  zinc  passes  to  the  hydrogen  througb  tho 
other  nietah 

It  appears  then  that  tho  muioti  of  aeveral  pairs  in  a  battery  increases 
iho  tcnsitin  of  the  electric  current  in  direct  proportion  to  the  number  of 
pairs, — and  Hkewiee  augments  tho  <jnantity  to  a.  certain  extent  in  tho«e 
«isc8  in  which  ft  coupiderablo  (quantity  of  the  negative  electricity  of  the 
«nc  iu  the  eiiiiple  circuit  is  witbdrawn  from  the  current  by  purely 
chemical  action. 

We  may  conclude  then  that  the  Qiiaiii\ttf  of  the  electric  current  of  a 
galvanic  battery  dcpenda:  1.  On  the  strtmgth  of  the  eleclro-themieal 
action  in  the  individu;*!  simple  circuits  of  whioli  the  battery  is  composed — 
principally  tiicrefore  on  the  circumslancea  considered  (pp.  376.. ..381.) 
2.  On  tbe  number  of  pairs — because  aa  tliat  number  is  increased,  pure 
chemicMl  action  is  more  and  moro  prevented. 

The  Te-mion  depfuda:  1.  On  the  tension  of  a  simple  circuit :  and  2. 
^jpa  the  numbet  of  simple  circuits  conjoined. 

mf    According  to  tlie  view  just  laid  down,  a  galvanic  battery  of  Einc  and 
'topper  with  fluid,  should  bo  constructed  iu  the  following  order:  Z 
Z/C,  Z  fC,  fic.  \  and  accordingly,  the  zinc  pole  is  negative  and  thoco] 
|K>sittve,  as  in  tht  simple  eirciiit.    But  according  to  tho  contact  the 
which  rcgarda  the  conULct  of  the  two  niotuhi  ae  the  priiicipul  source  ol 
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elettrioiiy,  tbe  bnltery  ahuiild  be  arranged  as  follows,  C  %f,  CZ/,  CZ/ 
Sic.  Ill  tbie  arrangement,  tlic  copper  pole  on  the  leR  is  n^atJre  vaA  tfa« 
ziuc  pole  oil  the  right  positive.  Hence,  ihe  exprewions,  capper  pt^t 
iuetciut  of  negative  pole — and  zinc  pale  instead  of  positive  pole,  are  of 
fi-enuent  oi^currenec.  But  according  to  tii&  cliemicAl  theory,  tlie  out*?- 
moat  copper  ou  tL«  left  aud  tie  uutonnost  tine  on  tbo  right  are  altogetlier 
without  ioflueuce  on  Ibe  force  of  tbo  batteryj  and  if  theso  tvo  extmul 
mombera  ni-e  remored,  tlie  Qret  mentioned  arrangement  romaina  behind.] 


OAm's  Formiike,  relaling  to  th^  Qitaniity  o/tkt  Shdric  Current. 

1.  For  a  ei^nductor  into  mHie  extreinities  tlu  im  ekdrtciiics  Jt<rw  kHA  a 

piven  tension: 

Let  A  he  the  electrical  tension ;  K  tlio  conduotiQ^  |)owor  of  Ui«  wire 
or  other  conductor;  the  surface  of  its  trans^erAe  aactlon;  L  ittf  IflngUi; 
Q  the  quantitj  of  th&  Current,  tbcQ 

«  =  ^' 

Hence  tbo  qauutity  of  tbo  entering  ol&ctmilies  wbicli  piug  throa^b 
the  wire  ia  »  given  tiroe,  varies  directly  aa  the  tenaion  of  the  eleotricilui^ 
the  cooJuctiD^r  power  anA  tbicknesi^  of  tbe  cuEiduotor,— and  iaversely  u  ill 
Iciigth.  Hcnco  aUu,  the  quaatiij  of  the  current  in  two  coqdDcton  U  tilt 
same,  when,  with  equal  eloctricjil  tenaion  and  conducting  powsr,  Ult 
latlo  of  tho  trau&vcrge  eectiun  to  tbe  length  ia  tb«  same  in  both  ;  ori  wttli 
equal  tetisian  and  equal  trnrBvetse  sectioftj  tbo  ratio  of  the  c«aduotisf 
pow<"r  to  the  length  ia  the  same;  or,  with  cquat  conducting  power  a&4 
equiU  transverse  section,  tbo  ratio  of  tbe  teneiuu  to  tbe  len^ftli  u  ^ 
same. 

2.  For  a  simple  GaJvanie  eirmii. 

Let  A  be  the  elc^tronioti^'e  |)v>wer  of  tbe  circuit  (oc  the  ieosioDt),  B 
the  reEiatance  wbicb  the  rurrent  meeia  witb  in  the  circuit  itaetf.  Tbij  U 
tlio  reaullant  of  the  t'ollowiiig  individual  rcsiBtacices : — a.  Resiatanoc  of 
tha  two  metalltc  platea  wbich  tbe  current  hm  to  traveree; — 6.  Resiitance 
of  tbe  liijuid  throagb  whicb,  according  to  the  ordinary  vieW]  tbe  i^urrsnl 
paeaea,  [iiccording  to  p,  343,^  this  isi  tbo  rcfiitftaDce  which  tho  liqaid 
opuoees  to  the  tran^ poBitlon  of  atoms].  Tu  this,  Fecbner  and  Poggcodorff 
odd  c):  thti  rci^istance  of  transition, — i.  e.  tbe  resiataDce  wbicb.  oxuta  to 
the  pa«aage  of  tbe  electric  curieat  from  the  tnetal  to  the  liijoid,  «ud  ood- 
Torscly. 

Altio,  lot  r  he  tbe  rosisUoce  of  tbe  conductor  which  unites  the  two 
melaUj  and  Q  tbo  quautity  ef  tbe  electric  cnrrcut  which  entera  it;  thoa 


Q  = 


R  +  r' 


therefore  A  =  Q  (R  +  r) 


3.  For  Ou  Galmnk  Bttti^ry. 
n  denoting  th4  ouinber  of  unitod  simple  olrcoitai 

^  -     n  R  +  r 

WJi«n  the  re«u(taace  r  of  t1i«  cooductor  wluoh  oloses  tli«  dreslt  b 
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{ncDnf;!ilemUe  in  comparison  with  Lho  resistance  R  in  tho  mdlTidual  clr- 
:itt,  it  DoaHy  vQ.ubh'Oa  iu  the  formula,  and  therA  rematlia 

^  -    n-R    —  R 

il  13  to  sajf;  the  quantity  of  tlte  current  is  thq  eom^,  whether  it  pruceeJ* 
om  one  pair  or  from  seversK 
But  if  the  reeiuttiiiCQ  cf  the  contluctpr  which  closes  tho  c'lTOuit  U  con> 
■iderahlti — ir.      from  the  iuterpoatti'OD  of  water,  ^c. — then,  Q  inc;rea«ed 

[insiilerably  with  iho  iiutuher  of  paird — bccanae  then  ^  _^  givea  a  much 
in.Ucr  quotient  than  — 


n  R  +  r 

Tho  development  of  this  eubjefit  may  he  found  in  Ohm'e  Memoira 
Iready  citoJ  on  page  307;  likewiae  in  OAjn'n  Galvaniscke  KeiU,  Berlin]. 
1627 ;  Fechner,  Maassb^catrnmuagen  der  gahanisclun  KelUs,  Loliizig,  1 831 ; 
>otiillet  {Pogtj.  A%  281)j  Heurici  {Fogg.  53,  277). 

QttatiCili/  of  the  Eltdric  Cvrrent  of  a  Galvanic  Battery. 

With  ftmalgnmated  zinc  und  platinum  in  diluto  sulphnrie  acid,  thft 
knantity  of  the  t'lirrcnt  is  nut  iiiLTessod  hy  nug^tiientiog^  the  number  gf 
Mrs.  One  pair,  hy  the  oxidiition  of  owe  tttoiu  of  zinc^ — provideJ  the 
annecting  wire  be  thick  enough  to  transmit  the  feeble  current  without 
imiuufion — suppliM  as  much  electricity  in  the  form  of «  currout,  a«  1000 
kira  would  supply  by  the  Qxiilation  of  1000  atoina  of  sine,  In  all  the 
ftUs,  eii:al  quantities  of  water  are  ilecompoaed  and  et^uiraletit  quantitiei 
title  dissolved,  viz.  32  5  parts  (1  AL)  of  sinr-r  to  1  part  (]  At.)  of 
hjdrog'en  sua  evolved.  (Faraday^) 

A  number  of  pairs  does  not  ppodue«  a  stronger  deflection  of  the  gnU 
UDometfr  than  a  i^ingle  puir;  one  pftir  ftclt«  more,  another  less  strongly. 
The  sum  of  ibo  effet-la  [ri^u  an  titles]  of  the  single  pairs  divided  by  tba 
lumber  of  pfiire  gives  tho  effect  [quantity]  of  the  pile:  hcncm,  a  hvrgor 
lir  added  to  a  number  of  gmallor  paira  inereaaes  the  action, — a  smaUer 
kir  dimiuiisEiea  it,  (Mafianinl.) 
Even  though  the  several  pairtt,  from  differencea  in  extent  of  aot(a-c»  ot 
the  nature  of  the  liijuid,  should  individdally  produce  different  quanti- 
ieo  of  eleetridty, — still,  all  the  (currents  which  pass  from  the  electro- 
le^tive  to  tho  electro-positive  metals  of  tho  several  pairs,  after  the 
Tiion  of  these  pairj,  are  inatheraaticQlly  equal.    The  quantity  of  elec- 
ricity  in  the  current  of  a  battery  la  greater  than  that  of  the  weakest 
lir  taken  singly, — becauae,  when  thia  pair  ia  joined  to  the  battery,  no 
lore  pure  chemical  aeltoo  tAhe^  place  in  it.    A  very  feeble  pair  h  to  be 
egarded  only  as  an  iiiiorposed  plate  (nw/.  seq.)  which  weakeus  the  cnr- 
ent;  and  the  quantity  of  the  current  remains  the  aame,  even  when  tbs 
reak  pair  is  introduced  in  the  reverse  order.  (De  la  Kire^) 

The  quantity  of  the  current  of  a  pile  charged  with  dilute  aulphurio 
Bid  in  very  much  dimlniHhed,  when  this  pile  is  united  in  the  proper  order 
rith  another  contaiuing  only  water.  {Sciioiibein.} 

If  10  pairs  of  amalgamated  zinc  plates  and  pEutinum  platca  are  eepa- 
itely  immer^d  in  dilute  sulphuric  acid,  different  quantitie.s  of  hydrogen 
as  are  evolved  in  a  given  time  en  the  mirfacos'  of  llie  several  r 
Mates,  the  variation  amounting  to  about  §  of  the  whole.  But 
\q  10  pairs  are  united  iutu  a  battery,  the  quantity  of  gu  « 
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mA  fhUmtm  pkte  h  tla  amm,  ami  eqnl  to  tint  whiA  m 
minA  Oe  ylrtm—  pkte  of  tke  wcakeat  pair.  U  tW  tvip  U  u 
iWimeaadpbtiBn  fi«teB  ma  "mwtmJ  m  m.  TCHeiel  fiQed  vhb  ssnt. 
t&e  <leTtlfgrt  of  ga«  ua  iW  plathi—  plalci  mgmim  heemmet  m  oe^w 
w  ia  Ike  fnt  ewe.  If  ererj  two  bm  platn  be  coaaeetod  mhk  eimj 
two  phlinwn  piitB^  aaJ  the  5  do«Ue  pain  aiutad  hiln  a  fcanctj-,  di 
endatioa  of  gas  u  the  aae  ia  all  the  csUil  When  A  fmm  tn  Ut 
Hph^aadesaasetodvitkoBe^Uefairto  form  a  Wsterr,  tW  ^Htttr 
of  gM  erwlrgj  ca  Ae  t^eyhtiuaia  phlen  of  tite  doable  pur  talaa  logalMt 
fa  aot  ^nater  ikaa  tbat  erolTcd  oa  each  piatinnm  plat«  of  tbr  mi^ 
fmin.  Sfhem  each  of  tlw  10  nac  phtca  u  pUeed  belwgwi  twa  jiaiam 
pktea»  the  erolatMa  of  gm  ea  cadi  doable  plate  ia  increaaed  aaitj'  t«v 
mU;  sad,  patt  of  tbe  gas  likrnse  o^tM*  oa  that  ear&ee  of  the  ablOH 
which  i»  taraeal  awa J  frwa  the  nac  W  twi  t  nama  IgaaiateJ  riac  »  awi  i 
gnat  deal  ef  hjdngea  gas  w  CTplred  apoiL  Hs  rar&ee;  bat  tbe  ^aaaiin 
erdred  an  Ibe  platiaofl  u  tlie  same  as  vbeo  tba  nne  is  analfMsM; 
bcaee  the  local  fp'*'*  <^evucal]  actioa  dM*  not  interfere  with  the  torn  d 
theeurrevL  (Dame^L) 

If  aeT«f^  pairs  of  amalfamated  liafl  ao*l  platinmn  in  dilalc  nl|^siv 
acid  are  iniited  iiito  a  ttttteiTi  anJ  the  polai-  wines  lUppe^  into  dilaU »- 
[AoHe  acid,  tbe  <ptaatilT  uf  bydrogm  fas  eTolri^d  m  eacli  exciliagadd 
the  tnttevy  is  ^xaclLv  the  same  as  Ibat  eet  free  in  lbe  itrmiiiiiiMliir  at 
When  tlie  circQtt  is  imperfectly  rioeetl  by  the  ibteTpo«jtioii  of  a  loOf  ttl 
wire  or  a  tiqniil  condactor,  tbe  qnaotitj  of  gas  eTolve<t  iti  all  the  enh  ■ 
diminUbe^,  bat  is  tbe  abk  id  all;  tht  greater  the  number  of  fatfi^di 
]eea  does  tliis  diminatioB  in  tbe  qnantilj  of  brdrogen  gaa  aawail  b 
(MalLeOcci.) 

Twent J  pairs  of  rine  mdA  cwper  give  the  tmme  de^ectioD  «>f  SO*  m  «* 
pair,  when  the  circoit  is  closed  hy  a  wire  of  soffici^nt  tliidLaeaa.  Be 
vben  tli«  carrent  ia  condnrted  from  (be  poles  tbron^b  a  stntara  of  mtf. 
the  dedectioTt  with  one  pair  araouat^  to  10%  witb  5  pairs  to  Ij'S',  lat 
with  20  psirs  to  19=.  (Buff.) 

One  pair  of  platen  pvea  ibe  emme  deSection,  whetbor  tbe  nnteltM 
separated  bv  one  or  five  pierea  uf  clo'th  satnrued  With  Itaqid  ;  bat  wba 
seTeral  paiK  arc  nnit^,  tbe  deflection  dtminiabea  as  tb«  Uiiehone  «f  tb 
cloth  is  increased.  The  diminnlion  is  less  bore^-er  in  proporti«>n  ai  Ik 
licjuid  cooducta  better  [i.  t,  eierts  cheniiea)  acllou].  Marianini, 

The  f&llowin*^  experimenis  by  Binka  were  made  with  aniAJipaaM 
dnc  platen  and  plulinum  p]alos  ni eqaal  site  ia  dilute  sulphtirir  ac*d. 

The  qnautity  of  zinc  dissolved  In  a  gireo  time  dimiaisfaes  a*  dt 
namber  of  plates  ia  toereafed,  io  the  foUowing  proportion— 4b«  M 
number  denoting  tbe  number  of  pairs  of  plates,  the  sccood  tbe  lo«  W 
xiac :  I  ;  5-7,— 2  : 3  9  i—i  :  3  S,"8  :  3  8,-1  C  :  3  4,— 32  : 3  6.— 40  :  Wv" 

A  similar  diminution  (afcee  place  in  tW  qaaatiij-  of  hTdrogn  pi 
erolre^l,  wbcTi  two  pairs  of  uDequal  suriaco  are  united:  a'^deaotM  ik* 
Mirfaco  of  each  of  the  paira  of  tbe  plates,  b  tbe  qaantlty  of  bjrdfif* 

whicl)  each  wooM  have  de%'clo{KKl  hj  itself,  c  the  quantitj  ««tn( 
after  tlieir  union : 

*3e       «     h      f       B*t       m      h       e  a 

i  Oft  CI  I  2-*  21  I  ^t?  4-i  1  1<  2-6  It* 
\    OS    0  4      3    7'4    2  t       i>  IGO    4'*       9    13*0    3-4      }t  \t-f 
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It  is  reumrltnLlQ  ihat  wlien  the  surfaces  of  the  ttro  pairs  of  platca  are 
very  utieqiitti,  tlio  i{uantit.y  uf  liydm^en  evolved  on  tLo  topper  fA  tlie 
larger  puir  U  greater  tliiiu  that  evolrcti  an  the  copper  of  tlic  snmllcr. 

The  electric  current  t>f  u  buttery  ceases  wlien  the  wholo  is  couled  ta 
—  18°  [id  eonaequeut-e  of  the  freeaing  of  the  ?] ;  it  iucreaspH  with 

the  tetiipcrcturc,  tut  t-easca  ay.iin  !it  100  and  recommences  with  violence 
on  subsequeut  cootlag.  It  is  however  t-oiieideralily  increaacJ  hy  lieatiog 
only  half  of  the  battery  to  lOO^  (Dcssaiguoa,  A  mi.  Cfiin.  Phr/s.  24,  203), 
— [tliid  deyervus  vcrifipntioii]. — A  buttery  whiuli  at  l5''^ives  a  curreut^ 
capable,  when  conducted  through  a  watery  lii^uid,  of  disengaging  22^ 
measures  of  hydrogen  gue  in  a  piven  time,  yiehl^  measures  iti  the 
eawie  lime,  when  heated  to  i)2*,  (DcEpretz,  Gilb.  72,  310.) 

Wlien  the  curmit  of  a  trough -battery  has  diniiiiiehed,  it  may  he 
increased  almost  doable  by  sLirring  the  aeid  li({uid  between  the  zilc  and 
copper  pJatcjf  with  a  frnthor.  (Faraday.) 

£fed}i'cal  Tension  <if  (As  Battery. 

The  tension  of  the  unclosed  cirenjt,  as  dttefuiined  by  the  electrometer, 
incrcAiii^e  directly  as  the  nuiubflr  of  pairg.  (Voltu.,  Bvbnenli<*rger  {Oi/b, 
57,  i346).  Singer,  Marin niiii.)  It  increases  as  the  syunrG  of  the  mmiLer 
nf  pairs.  (Delezcnnes,  J.  I'fii/s.  S2,  2<Jy).  In  tho  unclosed  cirirult,  it 
iiicroft^es  as  the  sqiinrc  of  the  tiuiiibi-r  of  pairs,  and  In  the  closed  circuit 
directly  ilh  the  number;  for  the  statical  cflccta  of  a  given  cjuanlity  of 
electricity,  as  ^hown  iu  the  open  circuit  by  the  electrometer,  are  to  tho 
dynamical  effects  wliich  the  jjalvanonictcr  exhibits  in  tho  closed  circuit, 
in  the  ratio  of  the  square  to  the  simple  number.  (Peltier.) 

The  tension,  as  shown  by  the  electrometer  in  the  ii]U"loHod  circuit  isnot 
affected  hy  the  size  of  the  plates,  but  oaly  by  their  number.  When  one, 
pole  is  connected  with  the  ground,  the  niaxininm  of  tension  is  the  eame, 
whether  the  battery  he  chargeil  with  river-water,  eolution  ofsulpburet  uf 
Bo^ln,  or  wat'^r  acidulated  with  nitric  acid;  but  in  the  last  caee,  the  moxi- 
QiuTi]  tension  U  intitiuitly  attained,,  moro  elowl^  in  the  eccond,  and  most 
slowly  of  all  in  the  firat.  When  the  battery  is  iBBuhited,  the  teneion  is 
altogether  weaker, ^ — Btrotigest  however  when  the  charge  is  made  with 
Tiver-water,  wenkoBt  when  water  acidulated  with  nitric  ncid  is  used:  in 
the  latter  fiiae,  it  often  vanishes  aJtocethcr.  (De  la  Rive.)  la  the  unclosed 
circuit,  the  nitric  ncid  exerts  s.n  oxidizing  action,  not  only  on  the  zinc,  but 
likewise  on  the  copper,  tlieteby  giving  rise  to  au  oppoHte  current;  but 
when  ihe  eircut  is  closed,  the  oxidation  of  the  copper  ceases.  (Dull') 

The  middle  pair  of  &n  unclosed  circuit  of  twenty  pairs  of  liuc  and 
copper  does  not  act  more  btrongly  on  an  electrometer  fiiriii-ihed  with  a 
coudenst^r,  than  one  single  pair  ivyuld.  The  greater  the  uuuihgr  of  (laira 
included  in  (he  ctrc^uit  by  touching  ope  of  thi?ni  with  the  condcuhor  and 
the  other  wiili  iho  finger,  tho  f-lrongcr  h  the  divergence  of  the  gold  leave?, 
L-ikewi^e,  when  the  circuit  i?  dosed,  but  iu  such  a  uiaciner  that  the  current 
ia  obliged  to  p:i8S  through  water — not  decnnipoaiug  it  porcoptibly— a  cer- 
tain degree  of  teusiou  ia  manifest,  increasing  towards  the  Jiolcs,  Even 
wliE-H  dilute  &nl|ihuric  acid  is  used  instead  of  watt-r,  tension  ifi  etill  appa- 
rent, allhough  the  liquid  ig  dccompufeed;  but  not  wbeu  the  circuit  in  com- 
pletely closed  by  a  incfallic  conductor.  Whenever,  therefore,  an  ol>gtiu;le. 
fluch  09  water,  is  to  bo  overcome,  electricity  aceamulatca  in  the  ' 
till  it  acquires  .^nfficicnt  tcnbion  to  overooraa  the  reuifitauce.  (Bufl'.) 

vol.  r.  4t 


j^otMy^  vWv  tint 
mt  AtnttkUj  m  •  ens  Gmx,- 

—  ^wtUtw    r  j- 


flMM  i«  A*  %*ttrt7         to  be 

9  ti  fmha  tUm  tW»  wfwiM  Cir  riMjhlily  >»MmwiM  tW>i^ 
k  Bo  avaS— ma  ^■t»Wt  ^  ^autky  of  mMiA, 
ff  SMMg  tKca  ad  Um  pmHvIly  Ah  mt.  Hew*  aiil^ 
Mir  b  p««Kr  vkn  Uw  cbir^  &m  to  jam  tlOMj^  •  tliick  wuv  oalf 
n*  RM^MUe  artMB  «r  lor  Mag),  a  nO  aBaWf  of  pair*  «1k«ii  il  «» 
tn* (ne  a  Lnn;  ikfn  virc.  a  laf^ger  aamber  vfca  wat«^  liqaida  arr  plM^ 
In  tlw  f-iri-all^  aaJ  a  aill  lar^  namha  vkeo  tbc  Guida  %n  tliriJeJ  iit> 
Mfarate  fotUona  hy  tttlajumi  fiUlm.    (T>e  la  Rrrc.) 

TIm  gnmUT  ike  onmUr  of  jiAin,  the  woaer  inrt  the  iKittao  di«isi^ 
M  IImI  a  lialt«fj  of  a  mtall  nimWr  of  pain  ii  attamt  aTter  a  tine  Am 
CM  Mnlatniojr  a  Urf^  iiiiiiibfrr<    (Ott  la  Rire.) 

Dtrunifljr  artinjE  jiAtn  ma*i  sot  be  nnitcd  irith  BmA  m»  aef  vcaUr* 
Kini- an']  copper  wirh  cirijifr  ond  platinum;  or  pain  acted  apoaV 
Ami  aciil  with  |Hiirii  cobjectoJ  to  l!ic  nftion  of  arid  irhteli  bas  ticca 
Mid  U  Ibnrpforf*  mtoratiNf;  neithrr  ehotiM  large  pairs  be  ttnitod  witbiaJ 
obeii.    T'        '  -  '  ri  ryf  poirji  ffhirlj  art  1^  iMtwcrfuUy  [l1iiLtij.t  "4  Iil-iw" 
<t  ttiui'  '  'lu'v  tin;  ft"'*i'''^y  of       furrcut  c«nri<li     * '      "  " 
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^^^r^fitt^^eBl^^^  produce  a  curreut  capahla  of  lilioraling  8'4  cubic 
mcliea  of  Jotoiiating  gas  in  a  mioute  by  tLe  dix'omposltion  of  waten  llie 
quantity  obtained  in  tlie  fianie  time  is  reduct-d  iu  rl  mVic  incLes  whon 
these  4U  pairs  with  fresh  ncid  arc  coDncctud  with  10  jtairis  aotc<l  tipou  hy 

Lgftid  previously  used.  (Fimtday.) 

Maleriah  0/ the  Baii^iy, 

H|  eitber  c^imnjou  or  annalgiiiiiatcd,  is  almost  nlwa^s  employed  as 

^tne  positive  Tftelal  of  thfl  battery.  But  sili«e  common  zinc  is  eubjcrt  to 
ordinary  dwraical  nclioDr  a^id  liliiQwiBe — OB  account  of  Jilluys  mixed  with 
it — to  local  galvanic  actiooj  and  einco  tbese  itctiona  ronliuuc  even 
vhile  the  circuit  ia  open— a  great  deu.1  of  einc  and  acid  are  useleasly  coD' 
fiumcd.  By  the  use  of  anmlgamaled  ziuc,  first  introduced  by  SturgeoHf 
ihia  Iosf(  in  avoided,  Wjlh  this  kind  of  zinc,  however,  the  current  i« 
soon  reduced  to  ^  or  j'jj  of  ita  Qrig^inal  strenglli,  because  no  gaa  is  cvwiTed 
on  llie  ziur,  and  conseqKeutty  the  atid  docs  not  got  well  mixed;  but  on 
breiliitig  contact  for  a  while,  the  cnrreut  regains  its  former  power,— 
RolSed  Jiinc  platea  are  preferable  to  those  of  cast  zinc,  which  are  less  pure, 
Wew  pktea  act  better  ttian  such  as  have  been  used  two  or  thrco  timeft, 
perhaps  becanse  tho  alloys  come  out  more  promioentlf  as  the  surface  dia- 
soItcs,  and  thus  gii'e  rise  to  local  galvanic  action-  This  deterioration  of 
Xiao  plated  by  use  goon  reaches  it$  limit  'u  the  case  of  rolled  zinc;  but 
with  cast  plates  it  goes  on  continuully.  The  jnore  siuoolldy  the  platea  ar& 
Tnbbcd,  the  better  do  they  work,  (Faraday.) 

For  the  negative  mcta]— eopperj  iron,  lead,  silver,  platiaixcd  Sliver, 
pltttiuura,  graphito,  charcoal,  or  peroxide  of  lead  may  he  used. 

In  a  battery  of  iron,  platinum,  and  dilute  auluhurlc  acid,  only  a  small 
qnantlty  of  hydrogen  gas  is  evolved  itpon  the  pJalinuni;  but  if  the  iron 
plates  used  iu  thifi  battery  are  united  with  zinc  plates,  nearly  twice  aa 
much  hydrogen  is  evolved  upon  the  iron,  an  would  lie  given  olT,  if  the  s&mo 
sine  plates  were  connected  willi  platinum.  Freeh  iron  platea,  on  the  con- 
tmrv,  do  not  act  more  strongly  than  platinum,  (Datiicll.) 

When  the  surface  of  the  negative  metal  is  twiee  aa  great  aa  that  of 
the  positive,  and  a  plate  of  the  latter  is  interposed  betwoeu  two  plates  of 
the  former,  tho  ftnantity  of  the  current  ia  greatly  increased  (p-  3S0). 
':   (Hare,  Faraday,)    The  <|Ufflntity  is  also  greater,  the  thinner  tlic  stratum  of 
I  liquid  between  the  ziuc  and  tho  negative  metal  (n,  37").  (Faraday.) 
I        A  peculiarly  strong  action  ia  produced  hy  silver  or  plated  copper,  on 
which  platinum  la  precipitated.    A  rough  surface  is  first  imparted  to  the 
Bilver  by  treating  it  for  a  ehott  time  with  strong  nitric  ueld;  it  is  then 
'   immersed  iu  dilute  sulphuric  acid,  to  which  a  little  chloride  of  platinum 
htis  been  adflcJ,  and  connected  with  zinc  immersed  iii  dilute  sulphuric 
I   acid  contained  in  a  ]ioroas  tabo,  this  tube  dipping  into  the  first-men tioued 
liquid.    The  platinum  is  precipitated  on  the  silver  in  the  fonn  of  a  block 
,  powder,  [i*me«.) 

Of  tarhonaceous  aiibataucee,  tlio  luost  serviceflble  are  plomWgo  and 
hard  gas-foke;  then  [loroua  coke  and  hos-woed  cliarcoul.  These,  how- 
l  ever,  soon  loac  their  power,  in  conaefiuence  of  heeoniing  tilled  with  hydro- 
■cen:  but  if  the  hydrogen  be  removed  by  iiumeraing  tliem  in  a  solution  of 
^nlpliate  of  copper,  which  likewise  produces  a  precipitation  of  copper 
'  uiioii  and  within  them,  a  powerful  battery  may  be  made  wit^ 
(Smee.) 

A  mixture  of  coal  and  coke,  strongly  ignited,  fernia  a  ca 
'  maes,  which  acts  nearly  aa  well  0:9  platinum,  and  is  well 
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A  nzm  of  w«n; 
m  af  vstCT  l»  4-5  afl  vibMl 

Whra  d3vt4  —Ipfciic  and  aitnc  and  are 
dUilte  salpbaoe  ac*d  alow,  in  a  battny  of  m  fuBi  «f 
«bJ  fAaXinmm,  the  ^auHt^  of  tbe  camat  {vMmed  ^  the 
im  p^Kulw  Irebleil,  aadi  the  ^oaatilj  of  hj ilwi^a  |saa  evvlrail  m  dw  Mi» 
Ml  orlli  i»  waaU  aaA  'astetjaal;  hmt  im  fin  minali.  i  tite  OBmatnM 
■laiMrt  catiTflj,  and  ia  W  impnfecdy  i*rttcl  by  ffi^  tW  ns* 
Whai  laore  bitm  acid  h  added,  the  «*alat>n  «/  bj-draga  n  mm  i  NiiMk 
ja  Mmft  ««ILi,  and  slauwt  vliellj  in  4tken:  the  carrent  is  ilniatihwi 
bgt  dnninub«  lapidlr.  If  wten  the  ciranl  has  been  dawd  fcrtkr 
hoan,  and  the  cmrent  ^  almost  vholhr  «ea»d,  the  pltLtintm  pliM  ■ 
mnored  and  n^laoed  bj  new  onec^  the  ntmr  will  a^ain  act  a* 
MM  at  fint,  but  onlj  itr  a  ehort  time.  The  trntintnii  plates,  wfaiebl» 
beeorae  iaaetire,  are  not  conpletelT  re^ond  hy  i^ition,  poliiUnt* 
boiUn?  with  Hlro&g  Bolalion  of  poULsh;  but  they  reeorer  thdtMO^ 
eutirelT  hy  boiling  in  nitric  aci  j.  Fi>r  they  are  corerod  witb  liae 
CT^ittilline,  partly  of  a  warty  texture, — tbe  coating  cren  «xltndB 
thoogh  in  Rmoller  qnantity,  to  tiie  fide  vh'mh  is  turned  awav  fraaw 
tine.  The  rapidity  witb  wliicli  this  coating  is  fanaedj  ioetrxse*  wA4/ 
quantity  of  ainc  dissolred  ia  tbe  liqai'J;  it  M  iLerefnre  freatevt  who' 
nmalg^ mated  zinc  is  ased. — Erery  lime  the  circuit  i«  broken,  tb  ' 
dofKMiiled  u[Hjn  tlio  pIsliDnm  dia^^lv^  »E:itin,  provided  a  sufficieol 
tity  of  free  aeii!  he  present.  Wlien  tbe  n<id  Jiquid  bolde  a  quM 
copper  ia  Bolutiun,  that  mel:i\  U  tir^t  tlept'sildi  on  the  jihllWi 
aTterwarJ^i  tlit»  zinc,  but  with  iees  facitity.  Bqt  wboa  a  lar^ 
tity  of  ci>p|>or  ia  conLiirieil  in  tlie  liquiJ,  tbe  copper  i«  prcnpltatM 
liiiiiil^iiicuitoi]  !!iiic,  and  causes  iin  evolulioiL  of  bydrogvn  opon  it.  ^ 
luMilitJii  tif  nitric  itc!<l  to  tlic  dilute  sulpluiric  acid  a««iata  thr  n  '-' 
dtpjiiiiwhintf  ihv  evolution  of  bydrogco  gas  on  tlit'  platinum,  ir- 
It  givM)  ri^e  Itt  the  pnxluction  of  nmnionia  [bv  whiclj  howerer  tti  i 
flo  inucli  the  more  qmcLly  situr.iieil].  (Dutiiell.) 

Rohmrkn.bly  puwetfm  ciirretils  are  produced  by  tbo  proper 
(iftwtf  mctnla  with  two  liijuiils  (p  3Si}). 

With  plntef*  of  given  surface,  the  quantity  of  tbe  current  varitS- 
in;^  to  Lbeir  nnturc  anil  that  of  tito  Irqiiitl,  ae  foUowu:  Ani^gaoab' 
dilute  Bulpliiiric  nci<l,  copper  ;  (I'll); — iiiiiiLl^niati^I  xiqc,  tUlDlanW 
aciil,  pkliuixoil  silver  (tuw-urxliii^'  to  Sniot)  :  if29; — ainnl' 
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dilate  sulpburic  acM,  iron  (accorJing  to  Sturgeon)  :  0'30  or  1e^; — zinc 
dilute  suIpLufic  iLcid,  s»ljiliate  of  copper,  coppor  (according  to  Daaicll) 
:  0'G5f — ainii.lgfiniiitcJ  zinc,  dilate  salplmric  aoid,  cDncentriLtc>l  nitric  acifl, 
platinum  (according  to  Grove):  i'OO.  (Joule.) 

1 .  Jiatiei'Ut  toitA  two  Metals  and  (m  Ziqiiids. 

DanixUi  Constant  BaUerff.  {Ajip.  25.)  An  ox-gullrt  dosed  at  ttie 
bottom  (or  eonnected  witli  a  lient  tuba  for  ciirryiitg  oil'  tbc  Hpeiit  acid) 
tontaina  dilute  salpliurie  3cid  and  a  rod  tif  nniulgainatod  wm,  and  lit  fixed 
upright  in  a  cvlindrical  copper  vesfft']  filled  wltli  a  aulutiou  of  sulphate  of 
copper.  The  acid  is  either  coastantly  renewed  by  causing  it  to  flow  into 
and  tlirough  the  bent  tube,  or  occanioniilly  by  i>ouring  it  iu  when  wanted. 
Th«  sohition  of  sulphate  af  coppur  inaiatnincd  at  a.  conataiit  !;tr?n^tli  by 
nieana  of  portions  of  the  pnlvcrizcil  s^aJt  placed  in  sieves  at  ihc  upper  part 
of  the  li^Juid.  Fruni  10  to  20  simple  circuits  of  this  kind  are  united  {the 
copper  vessel  of  the  first  wiih  the  zinc  cylinder  of  the  geeend^  the  copper 
ve^«el  of  the  aecunil  with  the  zinc  cylinder  of  tlio  third,  and  eo  on,  the 
connection  being^  matlo  by  uietallie  conductors). — This  battery  evolvea  no 
hyilrogen  ^w,  even  wlicn  the  ends  are  unconnecteil ;  ibe  copper  of  the 
solution  is  gradually  depo&ited,  vhen  the  circuit  is  closed,  on  the  inner 
Burfacps  of  (Le  copper  cylinders.  When  (he  current  is  made  to  pass 
tbrou;r]j  ftcidnlated  water,  the  '[uantity  of  detonating'  gas  evolvea  is 
greater  in  tJio  lirft  (juarter  of  an  hnur  than  in  any  sttbsei^ucnt  eq^uat 
interval;  hat  from  that  time  the  current  rpina.ine  perfectly  uniform, — bo 
that  Avhen  the  circuit  liaa  been  closed  for  four  JjourM,  the  quantity  of 
detnnatinj;  gaa  evolved  jn  a  given  time  on  pa*<aiuif  the  current  through 
acidulated  water,  ia  the  same  as  Iwfore.  The  amount  of  pure  clietiiieal 
action  in  Ibis  battery  is  very  small.  For  188  48  cub.  in,  of  detonating 
gaa  evolved  in  the  decompositiuTi  of  water  by  &  tcn-paif  battery,  33'3 
frains  of  zinc  are  dii^iwived  in  iho  sumo  time  from  each  zinc,  pl&t«  (there* 
fore  933  gr.  for  the  ■wholo  ten  platca);  that  ia  to  say,  only  T2  gr.  more 
than  the  quantity  reriuircd  by  tbc  etoicliiometrical  proportion  of  water 
iloconipnacil  to  Eiiic  diasolved  (9  :  33'2). — Whilst  the  ton-pair  battery, 
■when  llic  Kitic  ia  immersed  itt  a  mixture  of  100  mcaaurce  of  waUt  and  4^ 
TOCaaurcs  of  oil  of  vitriffl,  liberates  3  8  cub.  in.  of  detonating  gas  in  5 
Tiiinutea. — it  gives  2'l  cub.  in.  when  nitric  acid  la  added  to  the  sulphate  of 
copper  solution,  and  4'2  cub.  in.  on  the  addition  of  nitric  acid  to  tha 
Aulphuric :  tlie  latter  quantity  however  soon  einks  again  to  3'8  cub.  in. 
Hence  the  addition  iif  nitric  acid  ia  uyelosf.  With  a  mixture  of  lOO 
nicaifnrfa  of  water  and  B  measures  of  oil  uf  vitriol,  the  (]iiantity  of  gaa 
obtained  in  .-i  minutes  k  5-5  cub.  in.:  and  with  100  water  and  12"5  oil  of 
vitriol,  it  anionnta  to  11"  cub.  in. — When  the  circuit  is  kejit  closed  for 
five  hours  without  renewal  of  the  acid,  tlio  tpiantity  of  detonating  gaa 
BvoK-ed  in  5  niiuutcH  sinks  from  S'T  to  2-4  cub.  in.,  and  after  24  hours  to 
0'3  cub.  in.;  the  acid  is  then  found  to  be  completely  saturated  with 
oxide  of  zinc.  If  half  the  Uq^uid  be  now  replaced  by  fresh  dilute  aulphurio 
acid,  the  quantity  of  detonutmg  gflBevolvcd  in  5  minutes  rlaes,  not  merely 
to  tlio  original  quantity  of  2'7,  but  to  4  2  cub.  in.;  aTJ<l  the  battery  retaina 
this  strength  for  4  hours,  because  tlio  solution  of  sulpbate  of  iinc  miied 
with  the  liquid  increaaea  its  conducting  power.  The  action  remains  the  eamo 
when  the  zinc  cylinders  are  reduced  to  one-fourth  of  their  former  length. 
The  curreut  is  not  increaaod  when  the  copper  Burface  ia  extended  by  the 
introduction  of  a  number  of  alips  of  copper. — A  twenty-pair  b» 
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makee  a  platinum  -wire  S  iticKaa  loag  and  jj^of  an  inch.  tKioli,  incaoJtiWfil 
in  tlse  »ir, — If  a  z'mc  cjfUodcr  iu  one  of  the  mIU  be  rcpUu^tl  hjt  »  liidi 
pliitinMin  wire,  pure  oxygen  gas  is  evolved  upon  itj  84  cul>ic  inchw  in 
an  tour,  (Dfiniell.) 

Jaculii  (Ehetrattjpe,  Peterihurgh,  1840)  places  a  plate  of  le*j  or  of 
thick  copficf  rolled  up  into  a  cylinder  (not  fioldered,  in  orJer  that  tbe 
precipitated  copper  may  be  renioTed  liy  nnbending  it)  in  an  uMm^ 
rectangular  Tosscl  of  copper  or  load.  This  cylinder  toucliea  three  siJei  of 
tibe  vessel.  The  space  between  it  and  tic  fourth  tjiJo  fi?fvos  to  re*-«ir(it 
U(?re-bottoiiied  troiigli  placed  ici  lis  upper  part  and  dlled  irUh  poQa<U 
Bul[iLate  of  copper,  in  icrdcr  tbut  tlio  sftliitiou  which  draiQa  tlirouj.^  iW 
hottitm  of  tbo  trough  nmy  eupply  the  loea  of  that  ealt  re5ultiii.g  fmra  1^ 
galvanic  action.  Within  the  lead  or  copper  cylinder  is  placed  Aoutlice 
Cylinder  made  of  the  thinnest  possible  eartlictiwarG,  filloil  with  diiLti 
flulpharic  acid,  and  contaiiiini'  a  Einc  cylinder  cither  solid  or  hillu* 
Tho  liquid  m  witlidnnwii  hy  mcaiia  of  Jiiphond  of  peoiiliar  cnnstrurtioo ;  it 
all  GvcntSy  the  acid  liiiuiJ  mml  he  removed  from  time  to  time  m  it  bMoiMi 
eoituratcd  with  zinc.  Tlno  enrthenwnro  cylinders  [lto  staked  ia  ni4 
every  eix  or  fourteen  day8^  ia  order  to  re-omo  their  pores. 

Instead  of  auimal  incmhnvncE,  on  whicti  copper  Docuinca  procipiuMi^ 
MulUnB  uses  a  hollow  cylinder  uf  sycamore  or  (ithor  white  wood 
at  the  bottom ;  lie  also  iiscR  a  solution  of  equal  pai-ta  of  water  and  nit- 
rated Holutiou  of  aal-Hnimouitic  in  plate  of  dilute  aulphnric  iicid,   (For  tk 
other  alteratioTis,  vid.  PhiL  Mag,  J-  15,  37.) 

Sponcfsr  {Pog'J.  51,  37i)  suhslitutea  for  the  ox-gullct  in  PaiiitJT* 
battery  a  cybndcr  of  thick  brown  packing  paperj  mudoTled  upon  «  wix*!* 
cylinder,  fodtencil  w  itli  sealing  was.  tlirougbont  it-a  whole  Icogth  by  dmm 
of  a  hot  iron,  and  cloeed  at  huttum  with  a  thin  round  plate  o?  wood  wkib 
ha«  I),  circular  groove  cut  in  it,  so  that  it  may  bu  tied  wtth  a  tslrixtg  Ui  lii 
paper  cylinder.  Solution  »f  Cihiuber'):  ealt  or  fiiilpliate  o<f  sine  u  uil 
instead  of  dtUtc  sulphuric  acid. 

Or: — a  glass  cylinder  outside;  within  this,  n  cylimU^r  of  thia  ahwtkiJ 
or  the  lead  ef  which  the  UhincKs  toa-cinistcm  arc  muda,  with  nuaeM 
rerticall  fulde.  so  tbat  it  hoe  a  etarry  appearance  and  prosent4  • 
surface.  Within  tbU  again  is  placed  a  cylindrical  vcoiir'l  nf  unrl>M 
earthenware;  and  thia  conjalns  a  uyiinder  of  zinc  surronndml  iriJi  NutphU 
cf  soda  or  sulphate  of  zinc.  Tie  leaxl  immersed  in  the  eulutiou  of  aalisUH 
copper  80OH  becomes  covered  with  copper,  and  acta  lilcp  that  m«i*L 
QrQve's  BatUry.  2(j.)    A  porcelain  trough  is  divided  hy 

tioiis.  s,  algo  of  porcelain,  into  four  cells,  <t,  b,  c,  J.  Kunh  cell  cantkiail 
Wi  i  of  porous  oarJheaware.  l^L-Lwecn  tho  surfiicea  of  tho  cell  ui  lb 
hox  ia  phiced  a  pFatimim  plate  p(,  uasiiag  downwards  ou  otlo  *t  tkl 
Cell  and  upwafda  on  the  other, — and  in  the  cartiiouwftrt!  Iiot.  nn  iiiu|» 
mated  zinc  plate    connected  with  the  platinant  plate  of  t'  ,  1  s^l^ 

thick  wires  screwed  On  to  the  zini;  and  the  pHliuum,  &v.  'i  ,.  , .  .  ,  USW 
■with  water  cohtaSrilug  oue-Iifth  of  ite  hulk  of  oil  of  vitriid,  or  ono-Wf« 
bulk  of  hydrochloric  wdd;  and  tlie  space  coiitaiuiny  the  plTtlnum  u  (M 
with  a  mixture  of  eijual  parts  ef  oil  of  vitriol  and  strung  i ,  I  Ti* 

apparntus  is  fitted  with  a  cover  containing  lime,  iu  or.],:  i-.  .,:^ri  Itt 
nitrou.-i  rttpoiiri  which  are  evolved,— The  apparatus  coiitaiuB  «i«)it 
of  liipiid.    It  uwist  not  he  left  iQ  action  mora  than  half  ma  ||«ur.  Wm 
U  bccoriiea  too  Lot.  (Qrove.     IW-  p.  391,) 

An  ioitrumcnt  iif  this  kind  furnished  with  only  ungU  plminm  ihW 
— oacli  of  the  four  sine  and  platinqm  pUtes  having  %  «iir&o«  «i  || 
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incbus,  liloraLca  ficuliie  iaclics  of  jQtonating'gaapcrmiautc,  whaa  tliQ  cour 
ntfcLmg  wires  are  inado  to  dip  into  water  nciuulatod  witb  suI|)hurio  acid, — 
briu"a  a  plfttiuiiiu  of  7  inches  lung  and  ^  of  nui  inch  tEitck  to  n,  slato  of 
brigut  ignition — and  cuusc»  steel  nt'eiUes  to  burn  with  brdliancy.  (Grove.) 

A  five-pa.ir  battery  of  this  description  htttiug  in  each  eartbeiiwaro  cdl  a 
platinum  plate,  8  incliea  long  and  2  inches  wide,  immersed  in  Ditric  acid 
of  1*3*'  9p.  ^T-.^and  iq  each  porcelain  cell  a  zinc  pUle  of  duublo  the  eize 
bent  riiutid  ut  the  bottom  and  immersed  id  hydrochloric  ncid — ^yield^  15 
cubic  inches  of  detoii!i.tiiig  gas  per  minute,  fuses  jjlatinuin  wire  of  tbe 
tbickneyti  of  a  Imitting  neetllo  in  n  few  aecouds,  cauees  charcoal  to  emit  a 
light  of  intolerable  brilliancy,  and  wiU  produce  a  magnet  capable  of 
beariflg  3i  ewt.  Its  phyeiijlogical  eflccta  however  are  but  slight  [on 
account  of  the  feeble  tension  of  fivo  pairs],  The  current  is  likewise  of 
constant  strength.    (Schonbein,  .Pofftj.  49,  511,) 

Porcelain  eylmders,  cloeed  at  bottom  and  covered  on  the  outside  with 
a  l.iycr  of  platinum  burnt  in,  may  bo  placed  iu  cylinders  of  porous 
earthenware  Ulled  with  nitric  ucid^  and  these  again  in  vessels  containing 
cylindrically  bent  zinc  plnte^  with  dilute  sulphuric  acid,  or  etiU  better, 
BUlphate  of  zinc.  (Pfaff,  foyj?.  53,  303.) 

Instead  of  platinum,  an  iron  rod  may  also  be  immersed  in  etronc- 
nitric  acid  contained  in  a  tube  tif  gypsum,  aud  the  tube  placeil  in  a  reseel 
containing  dilute  sulphuric  acid,  m  which  ie  immersed  a  sine  plate  bent 
into  tlie  forni  of  a,  eyUnder.  After  this  battery  hae  acted  for  some  time, 
the  add  becomes  so  much  weakened  tlmt  it  dissolvos-  the  iron  suddenly. 
(Hawkins^,  /•/<(■;.  Moff.  J,  IB,  135. — PoggeuJorfl'a  Armngement, 
54,  425.) 

When  the  followlog  catbonaceong  eubiatances  are  uaed  instead  of 
plattQiim  ill  Grove's  haUery.  the  >[iiaiitity  of  detonating  giia  evolved  in  a. 
given  Liitie  ig  fuimd  tu  dimmiah  as  follows: — Platimini:  !I'52; — graphito; 
3'4;'— 'gn^-coke^  such  as  is  deposited  in  the  form  uf  ti  hard  cru»t  la  th.^ 
retorts  ia  which  illumine  ting  gas  is  generated:  3'27;— wt'll  burnt  char- 
coal: 317.  The  action  of  all  lhi;ac  aubatancea  h  therefore  nearly  the 
eame  a*  that  of  platinum,  (Cooper,  PAH  M(uj.  J.  Ili,  S,'!.) — Scbtinbein 
(/■"oi/;/.  49,  jyU)  found  the  same  result  with  gas-cwkc. — Clmreoal  haviug  » 
suri^!tr«  of  8  square  inehes  liberates  as  much  its  p)aLiiiut)i  7  ti<|ua£e 
iachtiM  iu  snrfaee.  (Smeo.) 

BuDsen  {Ann.  Phat~m,  38,  311;  P(^.  54,  417)  forms  cellfl  of  car- 
boQueruu.^  substance  prepared  in  the  mnnner  already  described  (p.  39S), 
Jilb  these  cella  with  »  miiture  of  satid  fttul  nitric  anid,  which  is  renewed 
from  tibue  iu  time  a^  it  is  used  up, — find  pluses  them  in  dilute  sulpLurio 
acid,  also  cunLainitig  the  einc  plate's.  A  battery  of  three  such  pairs  with 
zinc  platea  3  inchea  wide  ami  4  inchoB  long,  liberates  from  3iJ  to  4  j  cubio 
conlinietres  of  detonaiiog  gas  per  minute, — while,  for  every  atom  of 
water  deromposed,  not  mucli  moro  than  one  atom  of  line  is  lUaaoIved  in 
cneh  (Nell.  Platinum  wires  of  some  thiekneBS  arc  made  red-hut,  aud 
cliarcoal  litought  to  a  state  of  daziliog  incandescence.  {Vid.  PoggoadorfF, 
Pogff.  54,  41'l.) 

Wolilor  flc  \Vebep  {A^n.  Pharm.  38,  307)  form  two  cylimlera,  open 
above  and  heluw,  out  of  a  piece  of  i>olished  irfin  plate :  one  of  the  cylin- 
ders is  i(ia<lc  wider  than  the  other,  and  the  two  aro  conneeted  by  a  beat 
picre  of  metal.  The  wider  cylinder  ia  placed  in  a  glasa  veaael  cunlaining 
dilute  sulphuric  acid, --in  this  imnierBcd  nn  carthcnwuru  cylinder  tilled 
with  strong  nitric  acid, — and  in  ihi!^,  tlie  narniwor  cylinder  of  ihu  following 
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like  "pi'itinum.  When  tbe  eurfiice  of  tlie  wider  c^rliader  is  ODiy 
eiiuara  iiiche?,  two  pairs  of  this  arrant^ment  are  eafficient  to  rmuc  db 
platinum  wire  io  a  white  heat.  Tinncl  jOnte  appears  to  be  preferable  far 
iiiiiueraio'n  in  tilio  aetric  a<-i(l ;  it  h  pcrltnp^  rtioH  aUvantageooa  to  Iat*  tbi 
whole  niittje  uf  caet  irou.  (Wiihler.) 

Tbrce  jmii-s  i>f  iron  cylin'lers  Imviog  a  total  Fiirfaoe  of  12  tafiUR 
inches,  tln'co  irou  cylinders  in  nilric  acid  of  3  ■14  sp,  gr.  and  the  thrn 
others  in  n  mixture  of  7  pjtrts  walor  and  3  pS.rts  oil  of  vitriol,  ritW  { 
of  a  citbiu  inuh  uf  dctoiiuting  per  minute, — >Five  jwirs  of  tiB-fbk 
(initea<l  of  zino)  ami  iroii-plate  (insteail  of  platinum)  LaWng  a  total  twr- 
face  of  H3*i[Uiire  inthcs,  yield  IS  cubic  iticlies  of  detonating  gii  m 
minuLe,  whereajj  nn  npparatiid  uf  xim'  auil  plnliiium  of  tbc  Eame  siir  j)(w 
9  cubic  incLfB-    (Walcliner,  Ann.  /'/rana.  40,  121.) 

Aqueoaa  solution  uf  si'acpiicliloritJc  of  iron  in  Grove's  apparstut  fff- 
ducea  an  Ecliou  less  by  one  fourth  tlinn  that  of  tiitrjc  acrid.  (Soiec  ) 

GrwTc's  battery  is  atnmgcr  tlian  ftnj  othor  of  eijual  surface;  ilf  i* 
niv&tiiRgcs  arc,— the  gtcat  cipensc,— the  intrtnvenicoce  eai>*w<I  by  tutn« 
fnmes  and  ttie  asB  of  curroBLve  nitric  arcid,— and  the  iziiijn^  of  tb*  liwA 
hy  endoemo^e. 


i 


2.  lialterift  with  Iva  M«tah  and  one  Lifjuid. 

A.  77ie  tifffativf  mrial  ftavtttff  twice  at  much  turface  aa  lAe  potUire 

Faraday,  ailojjting  Hare's  method,  makes  two  rectangular  liroli  ii 
tho  middle  of  a  mpper  plate  A^i  {App.  31),  so  thiit  the  aides  ran  jnnlU 
to  ouG  aDotlier;  he  then  Eulder.s  the  cjppcr  end  of  one-half  of  the  fiblrii 
a  sine  plate  ?  by  meaos  of  a  bent  piece  of  metKl  h, — and  connerts  srrmi 
such  paire  in  such  a  rannner,  tbat  tl)c  zinc  plate  of  the  fir^t  shall  Jw  intrtW 
between  tlie  two  copiwr  2ilatea  nf  tlie  gcpcmd,  and  kept  from  toncbinj  itM 
copper  by  the  introdiiotion  of  j-mall  piccesof  twk,  -^-^  of  an  inch  (birk, — 
einc  plato  of  the  epcond  between  t  lie  two  copper  platea  of  the  third,  oBiln^^ 
The  copper  platea  of  one  pair  arc  kept  from  contact  with  tfaoen  of  ikewl 
b^  the  insertign  of  tliick  paper,    But  a«  the  paper  beoomes  sittinilr<l  W'A 
niLrie  acid,  and  ihiH  acid  dissolves  copper,  which  i?  eubsequpntlr  pne- 
pitatcd  on  tli«  zinc,  St  is  bolt'er  to  feeparato  the  copper  plal^'B  by  i^jtd 
glasa.    The  plnlea  thus  arranged  are  pbiceil  in  the  divjsjou  ft  of  tb# 
trough  represented  in  vlp/i.  52.     Forty  pairs  requiro  a  trough  liurfi^ 
long,  and  100  paira  a  trough  3  feet  long.    The  double  trough  ii 
able  round  the  axia  x.    A  qnarter  rcvohiilon  brings  the  truugh  t  Wf« 
and  the  trough  a  on  the  fiide.  so  tlmt  the  acid  liquid  runs  (rom  n  in*  ^ 
Henen  it  ia  oiil_^  ticccssary  to  Inm  the  fipf.xinitn3  a  tiunrtpr  ruunil,  iuorA' 
to  brin^  tliL>  flcid  in  contact  with  the  phtles  or  to  ttitiebargti  it;  tlivhil 
nnncccBeary  action  of  the  iicid  on  tho  line  is  avoidLil.    Xho  iaurr^ 
between  the  copper  and  zinc  in  thi.-*  ripparfitm  bcin^  ninch  mnallcr  tfcw 
the  coDimon  troirgb  linltery,  and  the  minntity  of  aeid  li<:|iild  eniimi 
being  eoneeqiif  ntly  much  Ica^,  the  liquid  hocotnoe  moro  atiickly  ttinM 
and  mu^t  be  more  frequently  renewed.    An  apparatus  u)  t1n« 
containing  forty  pairs  with  a  eurfuceof  three  eipinre  inches,  wi  tu  mi  uIim^Ii' 
as  an  ordinary  trough  ajipamlufl  (with  siuirle  cojiprr  eutfim>)  coKtatn^ 
orty  pain-,  having;  n  tmrfncti  of  fuar  Kiuare  iriclici',  (Kni-intMV.) 

Slur^foji't  hutti-rj/  consj^ttj  of  etgut  cn^t-iron  cylindriral  TCnek  " 
inches  Id^^h  and  3  inches  in  diameter:  in  ench  of  thorn  i^  ntitrtd  M 
giai&Ud  HOC  cylinder,  coaawtQd  with  the  next  iron  rcBeel 
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ick  copper  wire,  to  which  it  ie  aoldered,  and  fixed  into  fl  wooden  ring; 
%li]ch  preveiiU  contact  between  the  zinc  and  iron,  Ttio  rcascls  coutuin  a 
Inixtqre  of  H  piirta  water  and  1  piirt  oil  of  yitriol  (a  mixture  whidi  iicta 
ii^elf  on  aiiislffii mated  zinc).  Tlio  battery  makpa  thick  plalitiuiii  wire 
reil  liot.  yields  from  4  to  '>  cliMc  inches  of  dotflmttiug  yiis  ppr  miuute,  and, 
tfinii^Ii  not  exat-Lly  cctistimt,  cnntinuej*  in  action  for  a  lopg  limo,  (Mghr, 
I'offff.  51,  372.) — Afcordirg-  to  Sturgeon,  ItjG  fnlluHing  biitterios,  each 
having  ten  paira  of  plate*,  with  a.  ouifncc  of  lOi  scjuare  iuches,  yield  the 
follnwing  tjuantities  <jf  hydregpii  ^  per  minute  hy  (he  dcconi position  of 
water;  Sturgeon's,  25 j  Grove's,  24 j  Siiiee's,  ]J;  DanicH's,  12  cubic 
inches. 

ChihirfHS  BttUery  cunmUti^  of  forly  copper  tLnd  twenty  t\n^  plates, 
*ach  C  fwt  loniK  and  2  fcft  8  inches  wide,  each  line  ]ilul(!  ln-*ing  placed 
Ictweeti  t«-o  copper  pliitca  {Hit.  Tr.  180!>,  p.  32.  .^WtiP.  I,  Si74  ;  9,  212; 
le,  35!);  a.l9(.  Gilli.  36,  334,  52,  353.) 

WoU(7*torti  C'dl  Appnnttui.  Zinc  'plates  are  imMiersed  in  long-  and 
deep,  but  narrow,  cn].hpcr  cellji,  filled  with  an  add  lirpiid.  The  fli'j-t  cell  iff 
connected  by  n  semicircular  atrip  of  mclal  with  the  zinc  plato  which  dips 
into  the  second  cell,  and  so  on,  {Compare  Hart,  KJ.  J.  nf  Sc.  4,  lit.)— 
The  uppMmtiia  of  the  Florentine  Museum  consists  of  six  zinr  platea*  ench 
So  inches  Efjuare,  itninersed  in  six  cnpper  cells.  (xV.  Ti\  G,  1,  219.) — If 
the  relld  nre  made  of  platinized  flilver  or  plntiniKt  d  plated  L-oppcr  (p.  4191, 
aud  coDlain  n  mixture  of  1  meaeure  of  oil  of  vitriol  with  H  meafinrca  of 
TPater  in  which  kiuc  phites  are  immersed,  the  ballerj'  acts  vi-ry  strongly, 
and  wilt  continue  iu  action  for  forty-eight  hours  without  renuiring  fresh 
acid.  (Snice.) 

Do  la  Uue  {Phil.  Afaff.  J.  9,  484 ;  10,  244)  fills  the  copper  cells  with 
soltitian  of  sulphato  of  copper,  and  places  nn  anialjcamated  Kinc  plalo  in 
eacli  (an  nnanialganiiited  zine  pliite  would  become  covered  with  copper), 
The  action  i«  stronger  than  with  acida,  and  no  gjiK  is  evulv^cd. 
i  Yowiffs  BiiUfvy  {Phil.  Mag.  J.  10,  211 ;  aUo  A'j;;.  40,  625),  in  which 
■wo  connected  zinc  phite^  aro  interposed  between  two  connected  copper 
plate?,,  iu  AHi'li  a  manner  that  ono  of  the  zinc  plates  is  placed  between  lh& 
two  copper  platea,  and  one  of  the  copper  pktes  between  the  two  zino 
platoe,  aoea  not  possess  any  i>articulHr  advautnge. 


B.  The  surface  of  the  neff<Uive  mtlal  not  greater  tAan  that  of  Ihv  potitive 

metal. 

Sivif>le  Trough  or  CfM-Apparaluf.  Oblong  troughs  of  earthenwaro 
ro  divided  into  cells  by  earllionware  partilioita.  Each  cell  contains  a 
ir  of  jdatea  of  the  two  mclals  not  in  contact  with  cocli  other;  the  posi- 
tive plalo  of  the  firnt  cell  is  connected  by  a  cnrved  fftti]!  of  mclal  with  llie 
negative  plate  of  the  second  cell,  .tc.,  &e.  All  the  cellu  ceiitaiti  tlie  eame 
liquid. — The  number  of  pairfl  ucted  in  thia  kind  of  battery  is,  for  the  moat 
part,  greafep  than  in  those  previously  described;  hence  the  tenflion  is 
greater;  but  the  quantity,  unlcES  very  large  platea  are  used,  la  emiiller. 

The  battery  nj  the  Itoyal  Inalitution  of  London  consists  of  2000  paira 
Bf  plfttce,  each  plate  having  a  ewrfaco  of  32  scpiare  inclip.'f  on  one  .side. 
'At.  the  Ecdh  Pfiliflf-chjii^fw-,  m  I'arifl,  there  \&  a  trough  hallery  of  liOO 
pain5  of  phitet",  cncli  plate  having  a  surfaco  of  11  Bi^naje  tncIicK,  (Gay- 
Lus.^c  ife  Tbenard,  /tecfu-rcAes,  1,  1.) 

In  the  Cup'^ipjmiaUis  {Covromu  de«  lasset)  a  number  of  copper  wirM 
bent  kuee-«hape,  and  each  haviuf;  a  ball  of  zinc  fused  on  to  one  of  it6  cx- 
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tremities,  are  immersed  iaaseriee  of  glaaees  oontuiDiDg  dilut«  ftcid, 
SDcii  a  maDDer,  tbat  the  sine  eod  of  each  wire  dips  iota  ouo  g'Uat  ibiid 
popper  end  into  the  osxt.    The  itrtioD  is  tut  c-iiglit,  ua  ^uoqqi  u( 
Bmi^l  suriiu'e  of  the  metals. 

If  twenty-four  bent  iron  wires  be  cuvered  at  one  end  with  pcro 
of  lead  (by  prei'ii>itui!oii  m  the  voltaic  circle),  and  tboir  ouda  uiadi*  <lip 
into  twcnty-f'sur  glasses  coniainiog  1  part  of  nilrio  acid  in  100  part*  4 
vater,  each  glass  coat^niug  the  cloau  tod  &f  oae  wire  aod  tbe  coated  ni 
p{  auutbor,  ii  batlory  is  ohtuiued  wlikli  give£  flight  ehix^lbS,  bnl  lotca  ib 
|i&wer  the  peroxide  ef  lead  dissolves.  (Sciiiinbein.) — Ad  ajiptnUi  ol 
twelve  platiauiii  and  twelve  passive  iron  wires,  immersed  ia  nitric  and  J 
Bp,  gt.  I  35,  pruduceci  a  very  feeble  earrcQt,  which  scaroely  dccompuMi 
iodide  of  pota^sium^  and  liae  no  effect  oa  sulphate  of  fKi|i{>eT  or  oeidii 
vater.  (Sch(>Dliein,j 

In  the  Voltiic  File,  properly  so  called,  the  pairs  of  plates  are  di<; 
ill  alternate  bori2«ntal  layers,  with  pasteboard,  wi^olleii  cictb,  or 
laturated  with  a  saline  aolutioa  uf  dilute  acid>  &c.     It  uete  like 
(to ngh- battery,  but  evolves  les^  electricity  in  a  given  time,  becnuM 
contact  of  the  liquid  with  tJie  nietiiU  is  less  complete. 

Inatea^  of  pUtes  of  copper,  Stratib  (.ScAwcu-  naivrw.  A  nseifftr,  Jalrf- 
4,  S.  7,)  recommends  luycfd  of  eacheuaceous  matter.  To  prepare  llwaf  T 
parte  of  boeub-wood  charcoal,  in  Hue  powder,  arc  mixed  with  4^  |«ni><»< 
?rbea1r  flour,  niid  a  ()ropet  '[uunlity  of  water,  into  a  fiastu;  the  pktt  b 
(hen  tnuuMed  l>y  prostjure  luto  flat  circular  pieces;  and  theae.  afuir  Sitof 
dried  in  eftud  in  tlie  o[K!d  air,  are  exposeil  for  three  or  fuur  days  tu  a  a*- 
lintiatly  increasing  heat,  till  they  smell  like  burnt  hrea«l.  They  are  \hm 
groiiud  '(juite  smooth  upon  sand-stoue,  i{raited  betweoa  chan-ual  ptiwJn', 
^ftil  ^Tgiind  again.  Qefure  as^'mg  them,  they  ace  soaked  iu  wau-r  ;  ttut 
pw,  they  are  e^t^eped  in  dilute  hydrochloric  acid  to  tiva  tboin  from  iii»t 
and  then  wa;sbed. 

Ve  Luc's  OT  Zamhon^f  Pile.  Tbe  eo  called  Dry  Piit  jg  □•aallv  fMw4 
of  tbia  elieol*of  metal  separated  Ly  i»per, — e.  g.,  of  discs  of  so-cmllad  bH 
and  silver  paper,  juined  together  hy  tlieir  jjaper  eurfiicee — or  of  sl»» 
pa[ier  having  itij  paper  eido  smeared  with  honey,  and  tlioa  sprinkled  vilk 
{fproxide  of  Qiangnne^e.  Since  tho  number  uf  platee  ia  tueao  pUMai 
easily  be  mised  to  eoveral  tbousamJe,  tbo  polea  exhibit  suHirirnt  t«ifua 
to  j[ivo  sparks.  But  the  quantity  of  ibc  electric  current,  which  coo  ar» 
from  nothing  but  the  ehi^sniral  nctiotj  of  the  hygroscopic  water  ia  lit 
piLper  on  th^  tin  of  the  so-called  silver  paper,  is  extreindy  snmll.  HfM 
the  poles,  a-fler  being  d i^cbnrged,  take  »  long  time  to  recover  thoir  fncfftf 
tension;  the  pile  prodiicee  no  ignition  uf  metallic  wires,  utl  4*Mi  Bit 
lily  exhibit  rbeitiicnl  action.  It  was  only  by  L'inplo^iu^  phttM  li 
Er  sixe  than  tliotie genernliy  used,  that  BoLncnuerp er  obMiaoda lUlU 
vnipositirm  of  wnti^r. — Tbo  pilo  wlicn  perfectly  dry  givos  aa  ■itw 
tlectricity  (Parrot,  H.  Davy),  ami  the  ijiuilility  Mhich  i|  yields  U  pn-i'" 
in  pniportion  to  the  quantity  of  moietur"  wjiicii  it  contain*.  (E*am>! 
the  pile  be  dried  by  surroundicig  it  with  rliloridc  of  cHJcium,  and  m.?  . 
iu  tfiiuiwralurp,  it  will  afterw^u-ils  exhibit  do  eloctncity  at  ordinuy  k*- 

Kratun!».  but  will  bocome  electricnE  ulion  beat«;d.  At  taoiMntam 
Iwecn  TO'  Kud  the  tenrion  of  llie  pulca  ia  even  grvmtn  tuft  U  ■ 
undncd  pilfl  at  ordiqary  tempamturcs.  But  when  the  ]>olm  ban  bM 
disi-linrgcd,  tlie  HcumuIiLtioii  nf  olectricity  in  the  dried  pile  ia  nndb.  tlfMi 
than  in  one  wbi<:h  biui  uot  lH--uti  perfectly  dried.  (Jil^r.^ 

Iu       ucidriod  pile  al«o,  the  teusitiu  of  the  polea  la  luonaaod  bjr  y»k 
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lag  to  24^;  tbo  application  of  a.  stranger  heat  produces  no  perceptible 
increase  of  teii*'ion.  Tu  vitcuo,  the  pile  oxhiliits  tlie  ^amo  teiifeiou  aa  in 
the  itir.  If  the  positive  pyle  be  coDHected  willi  (lie  conductor  of  an  oleo- 
trical  mnthiup,  Ibo  H(?|i;ative  eloctrieiiy  of  (lui  opposite  polo  sinks  to  0; 
hat  when  the  nRffFitivo  polo  is  coimeiited  witli  tho  «t)Lidiictor,  the  toneion 
of  the  positivfl  polo  incroivscB,  ^Dootio.)  After  the  lapse  of  some  tiitie,  the 
tin  of  t!ie  silver  paper  lipcomos  diilL  and  titrniahed  (H.  Davy),  uml  the 
pile  gradually  loses  the  whole  of  it*  power.  (Jiiger,) 

Comp.  Zainboni  {G^!b.  CO,  151)  j  Ilcinridi,  Schiiblcr,  SL-Weij:ger 
{Schw.  15,  113,  120,  132);  Jtiger  (Gilb.  62,  227);  DouEe  C'/««m. 
Phi/t.  42,  71,—ahsli.Sekw.  58,  SI);  Roeeuchold  {rom.  43,  1»3,  and 
440.) 

I  9,  Batteriei  emtisttn^  of  one  Metal  and  one  L  iquid. 

I  If  square  piucea  wUh  long-  taiU  be  cut  out  of  una  or  tin-finl,  and 
■l&ced  iu  about  thirty  watch-g lasses  filled  with  water,  and  nrrqngod  near 
araa  SDotber,  so  that  a  square  may  lie  iu  one  watuh-^lnsa  und  the  strip 
nttavbt>d  to  it  in  the  next, — and  con3(?<iuei!tly  ceicIj  wiilch-glass,  oxi-upting 
Kbe  first  and  lost  may  contaiu  a  square  nnd  u.  strip  helonKing  to  two  Jlf- 
fercnt  pieces  of  metal, — the  arrangenient  thus  produced  will  \}^  ZumhQvCs 
PUt  of  tiPQ  Elcnimts.  In  each  a  case,  accordiug  to  Zftmboui,  the  first 
wa.teh-gla8a  into  whieh  the  first  square  dips,  iir  the  pole  towards  whit-h  all 
the  equaros  are  diroeted,  is  negative, — and  the  last  watcli-glit^s  into  which 
the  last  strip  dipa,  or  the  pola  towards  which  nil  the  etripa  are  direclej, 
poeitive,  With  copper-foil,  tho  oppunitc  arrnngcmPTit  of  the  poles  ta-koq 
place.  [_A™ordiug  to  this,  the  [doco  of  aino  or  tin  of  greater  surface  must 
pe  negative  towards  that  of  smaller  surfoC'^,  and  the  contrary  with  cop- 
per,] But,  according  to  Eriiian,  the  pOKitive  pole  iu  the  ainc-foil  arrutigc- 
ment  is  that  towards  which  the  si^uarea  are  directed,  anil  the  ncgativa 
puin  that  towards  which  alt  tUe  points  are  directed;  tho  cnntmry  with 
silver.  Aocording  to  Ecman,  alBo,  the  current  continues  for  two  dayo 
only  at  the  utmost,  and  may  tben  be  reproduced  for  a  shorter  time  ty  tlio 
addition  of  oouimon  salt  to  the  water, 

If  pieces  of  su-cnlled  ^jold-paper  (or  silver-papeO  ^6  formed  into  * 
Jille,  the  iq.cttillic  polo  of  this  pile  i»  poeitire,  the  paper  polo  uegatlre, 
Ermnn,)    [[b  the  surface  of  the  metal  wliich  is  turced  towards  the  paper 
CSS  BDUJoth  th:tn  tUe  outer  surfncel] 

If  eighty  zing  plntes,  4  s(|uarD  inches  in  surface,  polished  on  one  sidfi 
and  roQjrh  cm  the  other,  he  placed  in  r  wooden  trough  at  the  distanco  of 
1  or  2  millimetres  fropt  one  auoUitir,  so  that  (hey  may  be  separated  by 
thin  strata  of  air,  and  one  pole  of  thia  pile  he  counctted  with  the  electro- 
scope, the  othei"  with  the  ground, — the  plectroscope  re^ivt-s  n  considerablli 
charge.  Tiie  two  surfatos  of  tho  xinc,  heiog^of  ditlefcut  degrees  of  timootli-* 
ncsa,  aet  like  two  melaU,  aqd  the  Elm  of  air  HUjtplios  the  place  of  a  liquid, 
QfieXVian,  Pogif.  14,  3S8,1    [This  dcfieirea  yenficatiun.] 

On  filliiife'  a  nUUtWr  of  copper  Vossots,  I,  S,  3,  4,  5-  6,  *.  8.  with  dilirtS 
Bulphuric  acid,  canpocting  I  with  2,  3  with  ;'i  with  G,  tind  7  with  K,  hy 
means  of  brass  wires, — on  the  nlbcr  hund,  2  with  3,  4  with  .'),  nud  6  witl^ 
7,  hy  nietiaa  of  Immllca  of  tlircjid  saturated  with  salt-water, — and  heatitigi 
gtjiy  the  vestielfi  1,  3,  5,  and  7, — a  current  is  produced,  sufficient,  when 
fourteen  vessels  are  used,  to  decompose  water,  if  the  cltwjtrieity  be  cunt 
duoted  tbrongh  that  liquid  by  means  of  brass  wires.  As  the  heated  ye*- 
selij  cool,  the  current  ceases.  (Scliwoiggorj  N.  Qc}il.  3,  704.) 
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4.  Batteries  consietinff     one  Metai  and  two  or  three  Li^idi, 

If  a  numlicr  of  U-tube3  {App.  5)  Ld  fiUeJ  on  one  ei<Ie  wilh 
tratedj  oa  the  other  witL  dilute  sulphuric  or  nitric  acid,  and  cuimet 
arcs  iif  tlio  same  Hietal  Uijiping  into  tlie  LiqiiiJe — t.g,,  tin,  lead,  ino,  co^ 
peFj  or  fiilver — an  i-fficitiwt  bsitierv  is  olitainnL  With  su)plmric  acidiM 
iron,  pDeilivc  electricity  goes  from  tlso  end  of  the  arc  wliicli  dips  iuto  tkt 
liiliitc  Hciil  to  tliiit  wLicli  dips  into  tlic  strong  »ci<l;  th©  contrary  wtii  tio 
anJ  &ulpli!irif!  ucid.  (Furaday,  p.  400.) 

If  one  ptiiJ '>f  tlio  copper  arc  be  immersc^l  in  solution  of  Urer  «>r*til' 

Elmr,  the  ntber  in  tliluLe  eulpLiuric  aciJ,  tlie  solution  of  liv«r  of  eolpLtD 
eing  conitcctcii  with  tbe  auidi  hy  a  Q\m  of  ^olnttotk  of  cotntaou  nit,  ■ 
powerful  battury  is  prodiictM.1.  (H,  Davy.) 

In  a.  pDe  coDsistinjif  of  tlio  following  eleuient? — cloth  saturated  mtli 
wnkr,  pltito  of  metal  (Imd,  copptr,  or  silver  platen  anewer  I'WlS  clrti 
fonkpd  in  solution  of  liver  of  sulphur,  cloth  soaked  iu  wafer,  piste  of 
metal,  &c.— positive  olectricity  goes  through  the  metalltc  are  from  lt«  brf 
element  to  the  first.  (H,  Davy.) 

5.  Gravest  Gm  Batteri/. 

IT  This  hikitaty  consists  of  a  series  of  tubes,  contaiiung  stnix  of  pW 
tinnm  foil  coviereJ  with  a  pulvendtnt  deposit  of  tbi^  same  metal-  Ti» 
tubes  are  arnin^cd  in  paira  in  fiepurste  vcascla  of  dilut«  sulphuric  ard; 
and  of  each  piiir,  one  tube  is  ohargcd  with  oxyfjen  and  Llie  othi-r  with  hi- 
(Irogen  gas,  in  quantities  such  to  allow  the  plntinum  to  project  »lw«e 
the  dilute  n>(-id  into  the  !itTno.sphero  of  gas  in  the  nppor  p:irt  of  thv  tube 
Tho  platiTiHiii  in  the  ox^-gcii  of  ono  p;iir  is  metallically  coonerlcJ 
the  plittinuin  in  tho  liydtrogco  of  the  next;  und  thus  a  scries  mar  ho  mo- 
poaed  of  any  number  of  pairs. — A  battery  of  four  mIIs  MDslruclcd  is 
this  mnnn«r  will  deoompoSiO  aeidulated  water;  a  siugle  coll  will  dccoiD- 
poRo  iodldo  of  potosiiinn];  and  twenty  pairs  vrill  protJura  very  puvetW 
cfleeta, — each  as  giTiiif;  a  fhoek  wbieli  may  be  felt  by  ecvera!  MrwuS 
once,  producing  a  brilliant  light  between  charcoal  points,  Ac.  \Vb«>tl» 
jiolee  are  itncniiTieeted,  a guld-lcaf  electroscope  connected  WTlli  either  i  !'  - 
ja  acn^Ebly  deflected.  When  distilled  water  ia  Bubstitulcil  for  b<.\- 
■Water  in  tlm  cells  of  the  battery,  the  eflect-^  are  siniilar  but  more  fi.xlil' 

Tho  current  of  positive  ekctrieity  proceeds,  withhi  the  Utitrry,  frotn  ibi 
bydroycn  tube  to  the  oxygen  tube  hi  the  Emne pair, — to  that  i«  ikr  nt'-'j- 
welfr,  the  platinum  connected  with  the  terminal  oxvgeri  tiibii  of  iht  h-xintri 
becomes  the  positive  pule  or  ciriode  (vid.  Eleetrolywis,  p.  431).  In  Lti 
the  hydrogen  in  tho  battery  tubes  is  the  oxidablo  boily,  acting  M.  :'  - 
Jtiuc  m  tho  ordinary  buttery.  Doth  gn^ea  in  the  battery  tube? 
Borbed, — but  the  hydrogen  twice  n«  fiwt  as  tbo  oivgen.     It  h 
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that  the  phitiiium  platoa  lie  iminersed  in  the  gases  well  ns  iti  the  l\<\vi 
for  when  the^e  iilates  iiro  ninde  so  short  na  not  to  project  alv'iv*'  1^ 
liipiid,  no  netioii  takes  place.  Tho  use  of  tho  tinoly  divided  platiunm  » 
of  course,  to  ijicreasa  tho  surfnce  of  contact.  Tlie  mtioiinlo  of  tbe  nclin 
appears  to  l.o  as  followB;  "  When  the  circuit  is  eomplot^d — at  eacfa  pom 
of  ciiutttrt  of  oxypen,  water,  :ind  phttiniim,  a  muleculo  of  liydrogan  \avti 
ita  A^ikciiitcd  inoici  iilc  of  oxygen  to  unite  with  a  molecule  of  tlie  frM  fW 
llio  oxy^eo  tbii:«  thrown  ufi'  unites  with  tho  hydrogvD  of  tlw  mUmiH 
liioleculo  of  water;  and  so  on, — till  the  In^t  nioleculo  of  nxjgem  niM 
with  a  molecule  of  free  hydrogen ^—or  wo  may  converBcly  ■»ga»e  dot 
the  action  oouimeBcea  iu  tlrn  hydroi^on  tube." 
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Mr.  Grove  likewise  tried  rarioas  otlicr  coniliiuatiuus  of  gnaes,  riz, 
cliloriue  and  Jijilrigftit  cliloriin*  and  ciirliiuic  oxide,  oxygon  and  nitrons 
oxide,  oxy^cii  and  iiiLrio  fiside,  hj^lrngen  ami  carlimiie  nxuli?,  it^.;  Init 
none  of  llieni  were  Found  tii  be  adn]itod  for  actual  nso  iu  llji'  battery. 
CLIctriiic  and  bydro^en  gjive  a  pfiwerfiil  cinroiit;  but  the  nipi'I  absorp- 
lioQ  of  tbe  cblonne  Foon  jint  a  stop  Ui  tbe  action.  Cbloriiio  and  oxygen, 
ou  tbe  one  aide,  and  hydropen  and  carbonic  oxide,  ou  tliK  otber,  were  tbe 
only  gases  wbk-li  appeared  to  bo  decidedly  capable  of  coinbiiiitif,'  cl6«lro^ 
ayntlietiially,  ho  aa  to  produce  a  voltnic  current.  The  (-ther  cosnbira' 
tions  |)roducud  no  cffutrtj  excepting  for  the  first  few  iiiiautea.  Olefiant 
gaa  sboubi  pcrliaps  be  escepteil:  it  appears  to  give  a  cimtiiniiiijua  but 
feeble  current.  Tlie  Vtipwura  of  bruiiiiue  anti  iodine,  wero  they  Il-hb  buIu- 
ble,  u'ould  probably  also  be  fournl  ffficicut  as  eleetro-ucgativt'  ^eea. 
■         J/it^.  /.  21,  417;  24,  208,  3U  and  422.)  TT 

N 


I.    EUclricily  developed  hy  the  Vifa!  Proem. 
Certain  fidhes,  as  Torpedo  iiiitmacidala,  vLrirniornfu,  Galmnii  {the 


Electric  Eel),  and  Narki  ^tho  Electric  Ray);  ^Silici'na  fldctrlcus;  TdrwdoH 
thctriais,  and  Gijvinolus  (Uctricns,  have  tbe  poiver  of  coiistaully  generating 
iJio  two  clectri cities  in  their  bodies,  in  kpge  (.[Uiititity  anJ  of  tonaiderable 
tension,  and  ini]iartin|r  eScetnt;  Blmcka,— In  tlie  Electrii"  Hay,  ncgativo 
electricity  proeccda  from  the  under,  poaitjve  cleL'trictty  friiiu  llie  upper 
BTirfiiLce  of  tho  body.  The  electricity,  when  coiiducleJ  nway  by  wires, 
acta  upon  ibo  magnetic  nee'ile,  and  deconipriwa  ]li[nida.  (J.  Davy.) 
Sparkii  uiay  also  be  obtained  from  tbe  Electric  Ray  by  means  of  a  pecu- 
liar a]i|iaratua.  (Linari  Miitteucci.)  Comp,  HiiuiUalilt  {Avn.  Chlin. 
I'hm.  It,  415);  J.  Davy  [Ph'xK  Ti-mts.  Ifi29,  ];>;  also  .SVAw,  i7,  17;  also 
Pn-jy.  \f},  3\l;—P!iil,  Tr.mg.  1832.  2-59;  also  Pn-jf.  27,  54i);  Unari  ^ 
M»tt«iiwi  (P^y.  38,  2d2):  Mattenwi  {Poffg,  38,  4»5};  Linari  (I'o;/;f.  40, 
«42);  Colhudon  (Poffy.  Si),  411). 


%  FarjiJay  baa  examined  the  electric  force  of  tbe  GyDinotus,  He 
that  (he  slwvV  is  strougeut  wIlcd  one  band  is  applicu  to  the  head 
and  tlie  utitcr  to  tin.'  tail, — aiiil  diniini^boii  in  force  as  tlie  points  of  con- 
tiiet  are  broujilit  closer  together.  Tlie  giilvanonicter  waa  afleeted,  jind 
iodide  of  piit.v^ei um  dcconiposcd'—in  tiich  a  ninnuer  a.^  to  bhavr  tliat  tbo 
current  proceeds  from  the  anterior  towards  the  po.^terior  part  of  the  li.ih. 
Tho  h'park  was  alK>  obtained  by  nican.'i  of  a  niogueto-electric  coil.  When 
tho  ifhock  was  strong,  it  was  liuo  that  of  a  large  Leydon  battery  tdiarged 
to  a  low  degree,  or  that  of  a  voltaie  Lattery  of  [icrliLij'S  one  bnndrcd  and 
forty  or  move  pairs,  of  which  the  circuit  is  cumplelcd  for  a  minute  only. 
(P/uf.  Trnns.  1800,  I,  I;  P/,i/.  Mti'j.  J.  14.  211.) 

The  spark  hi^d  previously  been  obtained  from  a  gymnottis  by  F^ilil- 
berg  auil  Guisaii.  (/><;  Cftf?Hnol0  Hectrico,  Tubingen,  1H19.)  T. 


II,    Ini'luksce  of  ELRcrnicirv  on  tiir  Chemical  Nature  op 
?o.\unRAiiLE  Sdbstasces. 

1,  Comhinations  hi'mighl  dboul  ly  Elcziviml  liifivmee. 

The  eoniblnation  of  tlio  two  electrieilics  often  eansea  combustible 
bodies,  wliitdi  may  be  present  at  tbe  place  of  comljinatioa,  to  unite  with 
oxyfrenj  chlorine,  Sic. 
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To  tbifl  class  o!  efieeta  belong  the  luflamtnation  of  a  mixture  of  o 
■with  liyilrogeti  or  otLer  combu^lililp  ^acg,  or  «f  i-Llorinc  with  bjdn^WB, 
hy  tbi'  siiTijiIo  electric  ?park;  u/ alcoLol]  cilier,  colopliony,  and  cuDpowJci 

t^light  electric  (Jischarges  or  by  ihe  eimple  ^jiark;  the  Mrnir™  of 
varioH*  metals  in  the  form  of  thin  wire  or  foil,  when  the  coiubiniition  of 
the  two  elcclriciticE  takes  jilnce  witLiu  their  anhstanco,  and  of  chamnJ 
by  atrgng  electric  shocks  or  Ly  the  galvanic  battery;  arid  the  uomliiiialina 
of  nitrngcn  with  osvgcn,  when  elcttric  eparks  are  niaJe  to  psiKs  for  it  Ion} 
time  throuigii  a  iiiisturt'  of  those  two  gasoB.  According  to  Faraday,  largt 
electric  sparky  passed  over  litntua  paper  produce  nitric  acid  sufficient  to 
redden  it. 

In  mnst  of  these  raiaeSt  electricity  appears  to  act  by  the  devcloproeiit 
of  beat  -which  com  pan  tea  the  uuion  of  ile  two  kinde:  it  must,  howerur, 
act  (D  a  difTereut  manner  in  the  comltication  of  oxygeB  and  nitrogen,  ninca 
this  combiuuliou  Is  not  eB'ecteil  by  heat.  In  tbia  ca^,  in  the  inflam- 
Blfttitm  of  hydrogen  by  a  ^innll  electric  ^park,  the  compre^^sJon  wbirh 
tlie  gs«e8  «n£taiii  in  the  pa£sai;o  of  the  Epaik  Diuet  also  be  taken  into 
account. 

2.  Deeompositiom  pt'odiued  hy  the  action  of  ElectneUjf. 

When  the  two  elQctriuitiee  are  made  to  eulor  a  eoinpound  body,  ctthct 
3u1ilI,  liifuid,  or  ^:aeenue,  nlilcb  Is  not  a  perfect  Donduelor,  the  CDmpoaad 
In  fre<nnjDtly  resolved  intg  its  elemeuts. 

A.    Decompositions  produced  by  repeated  Electric  Discharges. 

When  tbo  eorabining  electricitlca  are  enJtied  with  hl^b  Jlitenaity,  and 
ttoir  utiina  takes  place  in  the  furm  of  a  succession  of  ^patVi  ia  a  i-uiu- 
pound  ga^  or  a  tompGunil  solid  hodv,  decomposition  of  iho  cunipouad 
oftt'n  liikcg  pUce,  TliiB  cITcet  may  in  eoiue  cases  be  duo  to  th^  hteb 
tenijterfttute  jjioilueed  by  the  electnc  discharge,  fiinw  many  of  these  Av 
tiompositton'B  may  also  be  produced  by  hcatj  but  this  is  nnt  always  Ihs 
case. 

Repeated  discliargea  from  the  commou  electrical  battery  Hocompote 
OTciile  of  mercury  into  mercury  and  oiygen  gas.  Boniiijol  decompoaed 
ehloriilo  of  silver,  and  even  hydrate  of  potash  enclosed  in  glass  tuhM,  by 
repealed  electric  s{kiirk£;  tbo  eilrer  separated  in  ten  minutes;  tho  pota^ 
ainm  bnrnt  hnined^nt^ly  after  reparation. 

Continued  disi^hnrgea  from  tho  eontmou  battery,  or  even  Bimplo  pIp*- 
trie  frparke,  partliilly  decompose  carbonic  acid  ^a^i  into  oxygen  and  nir- 
honic  oxide,  olefiaat  ^  and  light  carburctted  liydro^n  into  carbnn  BStA 
tydrogen  pas^ — likewise  phoephu retted  bydropen,  fiulphuretfed  bydrngeii, 
hyilriudic  acid,  hyilroebloric  aciil.  and  animoniaeal  glides,  into  pho^hurtis. 
finlphur.  iodia«,  chlorine^  and  nitrogen^  on  the  one  bundr  and  hydrogen  oo 
the  other. 


B.   Decompositions  produced  by  the  rnntinuoua  Diwharge  of 
Electricity  of  small  TeoMon, 

If  the  two  electricities  proCdcflmsf  from  the  poles  of  a  voltaic  hlKipry, 
or  any  other  t<uituhlc  source,  be  ni^do  In  Bow  through  two  gi>ml  conJac- 
tora,  (lot  in  eoiitdct  with  each  other,  intu  a  compound  liijuid,  tbc  tbrvo 
following  ca»?s  may  arise. 


ELECTttOLTSIS. 


1.  The  lipoid  oobdnefs  tbe  electric  eiimiitTe|^  veil,  and  gives  [Miff' 

X to  it^TitlioDt  nnderf^ing  any  altemtion. — This  is  the  case  vith 
iions  of  Tarioaa  metals  in  mercury,  and  with  fnsed  alloys. 

2.  It  completely  stops  the  cnrrent,  and  suffers  no  decomposition! 
if,  howcTcr,  the  electricity  posseesca  great  intensity,  it  may  force  a 
passage  mechanically  through  the  liquid. 

3.  The  licjaid  allows  more  or  less  readily  the  continnal  ingress  of  the 
two  electricities,  bat  is  at  the  same  time  decomposed;  aud  only  in  so  far 
as  the  decomposition  goes  on,  is  the  passage  of  the  current  possible, — so 
that  the  (apparent^  conducting  power  of  the  liquid  is  directly  proportional 
to  its  decompoaibility,  or  else  identical  with  it. — To  this  class  belong  all 
liquids  mentioned  on  page  81 1,  under  the  head  b,  with  the  exception 
of  fused  protiodido  of  mercury,  which  condocts  well  without  being  d^ 
composed. 

All  gases  act  as  noD-condactors,  and  are  not  decomposible  by  elec- 
tricity of  small  tension.  Solid  compoands  likewise  resist  decomposition, 
in  consequence  of  the  immobility  of  their  particles,  excepting  when  the^ 
are  in  contact  with  li<^nids  on  which  the  electric  current  acts. 

In  the  deeompositioQ  of  liqaids  of  class  3,  the  elements  ore  always 
liberated  close  to  the  conductors  by  which  the  two  electricities  are  in- 
troduced,— and,  according  to  their  different  natures,  are  either  evolved 
in  gas-bubbles  or  deposited  in  the  solid  form,  or  dissolve  in  the  uude- 
eomposed  portion  of  the  liquid  surrounding  the  conductor,  or  combine 
chemically  either  with  the  conductor  or  with  other  elements  of  the  liquid, 
thereby  giving  rise  to  Secondary  Products. 

The  two  good  conductors  by  which  the  two  electricities  are  intro- 
duced into  the  liquid  are  the  Polar  Conduetort,  Polar  Wires  (the^  may, 
however,  consist  of  charcoal,  graphite,  or  mercuiy^,  or  Faraday  s  Elec- 
trodes.— The  conductor  which  introduces  the  positive  electricity  is  the 
Positive  Polar  Wire,  Faraday's  Anode,  Smce's  Oxode,  Graham's  Zineode 
or  Zincoid.—The  conductor  which  introduces  the  negative  electricity  is 
the  Negative  Polar  Conductor,  Faraday's  Cathode,  Smee's  Hydrogodi, 
Graham's  Plattnode  or  Ckloroid. — The  liquid  decomposed  by  the  electritt 
current  is  Farada^s  EUkrolyte,  and  the  decomposition  produced  by  eleo- 
trituty,  EUetrolym. — The  elements  of  the  liquid  erolred  on  the  polar 
conductors  are  Faraday's  lom;  the  eleotro-negative  elements  eTolved  at 
the  positire  conductor  or  anode  being  called  Aniotu,  and  the  electro- 
positive elements  evolved  at  the  negative  conductor  or  cathode,  Cations. 
~The  vessel  in  which  tho  decomposition  of  the  liquid  takes  place  is 
called  tho  Decomposing  Cell. 

[Electrolytes  must  be  regarded  as  non-conductors,  which,  though  they 
may  be  broken  through  by  electricity  of  high  tension,  will  not  allow 
electricity  of  low  tension  to  pass  quietly  through  them.  In  the  latter 
case,  therefore,  the  two  electricities  are  unable  to  combine  with  one 
another;  bat  they  may  unite  with  the  elements  of  the  liquid.  It  has  been 
assumed  (pp.  157  and  342)  that  hydrogen,  when  in  the  free  state,  contains 
liegativo  electricity,  and  oxygon  positive  electricity  combined  with  it, — and 
that  when  these  two  bodies  unite,  the  two  electricities  combine  together 
and  form  heat,  which  is  partly  set  free,  and  partlj^  ^rhaps  remains  com- 
bined with  the  Water.  Now  when  negative  electricity  acts  on  one  part 
of  the  water,  and  positive  electricity  on  another,  the  former  unites  with, 
tiie  hydrogen  of  the  contiguous  atom  of  water,  the  latter  with  the  oxygen 
of  another  atom  of  water:  hence  hydrogen  gas  is  erolred  at  the  eathmle,' 


433 


ELECTBICITV. 


aiod  oxygen  at  tlio  anode.  The  electric  Siiids  ealeriag  ike  ht^ai  villi  i 
certain  leattinii,  and  \a  a  ccrlaiE  quantity,  their  affinitjr  fur  ajgm  tti 
IiyJrou'cti  overcomes  the  mutuiU  attraction  betveeo  llioM  i  IiibmiMi.  mm*- 
wLat  in  the  »i]ii<;  niiinner  as  tiic  iurreiued  atSnitj  of  calorie  br  eutwir 
acid  at  a  r£<l  li^ni:  dec<)iiipO!ie%  carbonate  of  lioie.  Uortov«r,  vUe  ■ 
atotn  of  b_ydm^'cTi  ia  evolved  at  th&  negative  cou-ductor,  and  a>  Km  4 
oxy^n  at  tlic  po^iitrve.  a  transposition  of  atoms  (as  described  at  p.  343.,r) 
ialii>4  place  llirqujjboHt  tlie  row  uf  atoms  of  wster  l_jTDff  Iwiwm  tM 
points;  eq  that  tEic  liquid  m  the  middle  reaia'ms  qaict,  auJ  no  Uaarfcmrt 
uf  matter  from  oas  em'trode  to  the  other  v^n  be  deteclisL  Tkt  gntn. 
hnWQvcr,  th?  di^tnnco  between  tkc  points  at  which  the  clertrods  dtp  iili 
the  linnid,  and  tlie  e^c^'t*'',  tUprefore,  the  number  of  atoins  vkksb  nri 
be  tran^poseJ,  the  higher  will  be  the  electrical  tension  re<)aired  la  vnh 
coDie  thin  reststaiiL'e, 

Ah  with  water,  so  also  with  all  other  electrolytes;^ — (heir  calita,! 
metal  for  example,  resumes  the  negative  electricity  wliieh  it  had  iart  ■ 
comhlnltig  willi  the  A&ion^  eiicli  as  chlonpe,  bromine,  iodiue,  &t, — W 
ttii»  ft^ain  re^umc^  its  positive  ctectrtcity.  In  all  these  raseti,  the  Dtp 
live  electricity  which  the  cation  takes  up  must  ourresponct  to  the  poativr 
electricity  taken  up  by  tlic  anion, — that  U  to  say,  the  required  aaaUiliHif 
electricity  niufit  be  to  one  another  in  the  proportion  iu  whica  tiujrmr 
bine  to  form  lieat. 

When  the  oxygen  liljcratod  nt  the  iLuode  is  not  e«'u)veil  a» 

combines  with  the  anode— g.,  when  the  lottcr  coni^iigts  of  xioe  vrvr 

Buppitse  that  tlie  oejfaLive  electricity,  as  it  is  eel  free,  cotiibines  witk  tlii 

Sositivc  electricity  proceeding  from  the  battery,  and  tha.t  ju  thiscw^ 
ecnm  posit!  on  iaelTectod  by  the  affinity  of  negative  electricity  for  lirdnfM 
and  of  zinc  for  axyj^en. 

Accordinj;  tu  this  view,  electrtdylea  are  not  really  Cionil uclors,  tfanib 

not  permit  tho  cuiubiuiitiiin  uf  the  two  electricilica,— tio  eloi'trir  nor* 
ptbeuea  throUjC^h  them, — but  their  cIcmeDta  continually  ti^tke  up  Ibe  rl«vU(t 
fluidtj  as  they  enter,  and  thus  -/tve  the  to  a  conijtAnt  cut-rent  in  tfar  rW- 
trtHlcB.  The  apparent  cocidia'ting  power  of  electrolyte»  ia  ^Teatvr  ifcrt*- 
fore  in  proportion  to  the  facility  with  whiiih  tliey  arc  duconipowJ.  tbl 
is,  to  the  rapidity  with  which  their  olemonts  lake  up  fUe  electric  iv^ 
proceeding  from  tbo  Uiitteryj  nud  wpnt^ite  fioni  the  Itiquid. 

We  arc  at  present  unaule  ley  ci^plain  why  pure  water  resi»t«  the  tr»» 
position  of  its  atoms  with  greater  force  tUaa  water  combined  witliaa^ 
or  en-lt«,] 

[The  theory  here  filv^n  of  decomposition  bv  the  electric  ramistiiii 
the  main  the  same  as  (li.it  of  Grotthu.?s,  (Ann.  V/iirn..  58,  65;  ^alt) 
That  philosopher  likewise  supposed  thnt,  in  the  decouijxktiitiou  til  waK 
positive  electricity  cniiibincs  wiitli  the  oxygin  of  tht?  iitinn  of  k^I^t  Iriq 
next  to  the  positive  wire,  ami  ni'gitive  clectrieity  with  ibc  hvdniK*^*^ 
the  ittoni  vS  wntcr  next  to  the  negative  wire,  and  that  Wtwoen  ll»r  tf* 
poles  t mil Bjjoei lion  of  fitoms  takes  place,  The  pt-oductiun  of  flam*,  mii^ 
acoompanies  the  conibiii;:ition  uf  oxygen  and  hydro»f:'t)  ens,  was  likfvi' 
attributed  by  Grutlbuss  tn  the  combination  of  the  punitive  clnlrntri* 
the  oxygen  with  tlio  negative  electricity  lis  the  bydro^etl.  Tb* 
difference  between  his  tlioory  iiftit  the  preceding  is  that  lio  mmmi'» 
linear  trnnspofiitlon  of  atom?  to  take  place  (Eoniethiiij^  liXin  ibat  tff» 
sent^^d  in  App.  ^3,  iiietead  of  a  semicircular  up  and  doirn  raotiBa.  E« 
H.  Dnvy  {OUi>.  2S,  30)  and  W.  Henry  {Ann.  PhU.  I,  ^ei)  pro|>«^ 


ELBCTHOLTSIS, 


4S3 


viewe  similar  to  that  of  Qpotthaaa.  Bec-qnerol  (Ann.  Chlm^  Phyn.)  sup- 
posea,  113  I  i\oj  that  the  utonis  miove  in  semictrcIeB  ono  over  the  other. 
Accordia::  t<J  F:iraday  {Phil.  Trnns.  1833.  11.,  875  ;  also  Poffff.  32,  401), 
who  arlmita  but  one  kind  of  electricity,  electrolytic  decompoaition  ia  tha 
reipidt  of  a  peculiar  corpuaculiir  action  tleveloped  ia  the  flirection  of  the 
current;  it  proecefia  froni  n  force  which  is  either  ndJeil  to  the  affinity  uf 
the  bo'diea  present  or  ileterruincii  the  direction  of  thjit  force.  The  docora- 
poaing  body  ja  a  tniu's  of  Acting  pitrttclc3j  of  which  iill  thnt  lie  in  tlie 
course  of  the  current  conlributo  to  the  terniinal  action;  und  in  conse- 
quence of  tlic  affinity  between  tbo  elements  beinj^;  weakened  or  partially 
neutralized  by  tlie  current,  jiaralle]  to  ita  own  course  in  one  direction, 
Jind  alrciigthened  nn'l  afi^ipled  in  the  other,  the  combined  piirticleG  acquire 
u  temleiicy  to  move  in  different  directions.  The  particles  of  one  element 
a  cannot  travel  from  one  pole  to  the  utber,  unless  tbey  meet  with  pcirticles 
of  iin  opposed  siihstanm  k  remly  to  move  in  (be  opposite  direction.  For, 
in  cQHse.juence  'jf  (heir  iiicieo-'^ed  aliinity  for  theie  particles,  and  the 
diminution  of  tlieic  attinity  for  tSiose  which  they  have  left  IwhinJ  them  in 
their  way,  they  are  ctintiniiully  driven  forward.  Faraday,  therefore,  like- 
wise  supposes  a  trun^poaitiun  of  particles.  According  to  De  la  llivo 
(A  nn.  CJiini,  I'h'jfi,  2ft,  100),  the  positive  electricity  which  enters  a  liquid — 
water  fur  example — combines  with  the  hydrogen,  setting  tbo  oxygeit  free, 
and  cnrrteis  the  bydroi;on  rapidly  ulong  with  it  through  the  wliule  ina«a  of 
liquid  liil  it  reaclica  the  ncyalive  wjre;  it  then  eoters  tlie  wire,  while  the 
hydrogen  cumbiued  wltb  it  c?c;ipes  iu  the  form  of  gas.  At  the  gnme  lime, 
the  ne,fe;ativG  electricity  proceeding  frutn  IKg  negulive  wire  Liberates  Ly- 
drogi^n  from  the  contiKUOiis  atom  of  water,  carrioa  the  oxypen  of  the  ^arno 
atom  ever  to  the  posilivo  wire,  enters  the  wire,  and  acts  tbo  oxygen  free. 
Hence  tlic  nxyc'on  gaa  evolved  at  tl,i»?  jwsitive  pole  profceds  from  two 
Fonrces — half  from  the  positive,  and  half  from  the  negative  eurrecit;  simi- 
larly with  respect  to  Ibe  hydrogen  gaa. — Thia  view  irf  miiiniy  liable  to 
llie  objection,  ihiit  when  the  jiohir  wirca  dip  into  (wo  different  liqni(hi,  the 
anions  of  the  UrgiLid  which  ia  in  conltict  %vgt1i  the  negative  wire  naually 
require  a  Eong  continued  action  of  tlic  ciirrcnt  to  bring  thcni  to  tho  positive 
pole,  and  sometimes  do  not  reach  it  at  all; — similarly,  with  regard  to 
the  piuiHaj;e  of  tiio  cations  of  tho  other  liquids  towards  the  negative  pole. 
For  example,  when  aolurion  of  sulpLate  of  magnesia  la  placed  in  contact 
■witb  the  pop?itivo  pole  and  water  in  contact  with  the  negative  pole,  no 
mugnesia  is  set  free  at  tbe  latter,  (he  ^^■hole  of  that  substance  being  pre- 
cipitated at  the  surface  of  separation  of  the  two  liqutiLs.  Acoordrng  to 
Biut,  R  lit^^uid  placed  in  tho  voUaio  circuit  divides  itaelf  into  two  halves, 
one  of  which  acrptires  a  positive  tbo  other  a  negative  electrical  tension. 
Each  element  of  (Eio  liijiiid  then  goes  towards  that  side  which  is  charged 
with  tho  kind  of  electricity  opposite  to  ita  own,  and  thus  decompositiou 
eoHues,  But  the  evolution  ur  precipitation  of  the  eletncuts  does  not  take 
place  throughout  tho  two  halves  of  tbe  liquid — but,  for  the  most  part,  solely 
nt  tbe  polar  wires.] 

Electrolj-teSj  lows,  nntl  Products  of  Decomposition  in  general. 

According  to  Faraday,  only  those  cnmponnds  of  the  firet  order  are 
directly  deeomposible,  which  contain  one  atom  of  one  of  their  olemouts 
for  each  atom  of  the  other, — e.  compounds  of  1  At,  hydrogen  or  metal 
with  1  At.  of  oxygen,  iodino,  hromine,  chlorine,  fluorine,  or  cyanogen, 
d^c.    On  the  other  liaud,  boraeic  acid  (B  0'),  ettiphurous  acid  (SQ'\,wA.- 
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Am,  to  eonfaUB  »U  the  salphmio  acid,  and  the  negatire  cap  all  the  potash.' 
(rf.  D»Ty.) 

Place  of  Deompoiition. 

The  separation  of  the  ions  takes  place  only  id  the  immediate  neighbour- 
hood of  the  eleotrodes,  not  at  any  part  of  the  liquid  at  a  distance  from 
tbem.  (H.  Davy,  De  la  Rive.)  If  a  solution  of  oommon  salt,  coloured 
wiik  infusion  of  violets,  he  divided  into  three  portions  by  two  membranous 
partitions — ^the  electrodes  dipping  into  the  outermost  diTisions — the  co- 
lonT  of  the  liquid  changes  in  these  diTisione  aloDe,  not  in  the  middle. 
(Do  U  Rire.) 

When  a  number  of  cnrrents,  either  equally  or  anequiUly  strong,  pass 
simultaneously  through  the  same  liquid,  tatitm  in  the  same  or  In  opposite 
«  directions,  neither  of  them  ia  disturbed  by  tlie  rest.  (Mariauini.) 

Station  between  the  Quantity  of  the  Electrie  Current  and  the  Quantitjf  ef 
Liquid  decompoted. 

A  battery  which  retains  a  platinum  wtre^^  of  an  inch  thick  in  a  state 
of  constant  ignition  during  the  whole  time  occupied  by  the  decomposition, 
deoomposes  one  grain  of  water  in  3|  minutes :  this  quantity  of  electricity 
is  perhaps  equal  to  that  of  a  powerful  stroke  of  lightning.  (Faraday.) 

The  quantity  of  electricity  which  enters  the  liquid  is  directly  pro- 
portional to  the  quantity  of  liquid  decom{X)sed.  Hence,  the  quantity  of 
electricity  in  the  current  may  be  determined  from  the  quantity  of  tho 
moduots  of  decomposition.  (Faraday,  Be  la  Rive.)  The  greater  there- 
fore  the  quantity  of  electricity  which  the  apparatus  employed  yields  in  ft 
giren  time,  the  greater  will  be  the  quantity  of  liquid  decomposed,  pro- 
Tided  that  the  electricity  posseseies  the  requisite  tension.  Hence  th* 
batteries  of  Grore,  Daniell,  Sturgeon,  Sraee,  and  others,  have  the  strongest 
deoomposing  action,  the  electrical  machine  the  weakest. 

Fuaday  b  V<dta-«leetrometer  or  Voltameter.  Into  the  lower  pari  of  m 
graduated  tube  closed  at  the  top  (App.  28)  are  inserted,  opposite  to  eaeli 
other,  two  platinum  wires,  to  the  ends  of  which  are  attached  two  small 
l^ates  of  platinum  placed  upright  in  the  tube.  The  open  end  of  the 
tube  is  inserted  into  one  aperture  of  a  vessel,  two-thirds  filled  with  diluto 
sulphuric  acid  of  Ep.  gr.  from  1'2j  to  1*336,  the  other  aperture  being 
closed  with  a  stopper.  The  tube  ia  filled  with  liquid  by  inrertiifg  the 
apparatus.  It  is  then  placed  upright,  and  the  two  platinum  wires  con- 
nected with  the  poles  of  the  battery,  in  order  to  determine  the  quantity 
of  detonating  gas  evolved  in  a  given  time  The  decomposition  must  not 
be  allowed  to  go  on  long  enough  to  bring  tbe  ges  in  contact  with  the 
platinum  plates,  because  these  plates  would  give  rise  to  a  slow  re-union 
of  the  gases. — In  many  liquids,  as  in  hydrocUoric  acid,  only  hydrogen  gas 
has  to  be  collected,  in  others  only  oxygen,  as  in  the  case  of  sulphate  of 
oopper.  In  such  cases,  the  voltameter  may^be  formed  of  a  graduated  tube, 
having  a  platinum  wire  inserted  into  its  uj^r  and  closed  end,  filled  with 
the  liquid,  and  inverted  in  a  glass  vewA  into  which  the  other  electrode  is 
introduced  {App.  29).  Other  arrangements  are  likewise  described  hy 
Faraday. 

Whether  the  quantity  of  electricity  in  the  current  be  measured  by  the 
Teltameter  or  by  ^«  gilvanometer  (la  proportion  to  the  Ua^nX 
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deflection,  oaA  therefore  hy  means  of  Ncrvander's  oompus)  or  Vj  lb 
electro- magaetic  balance,  the  proportion  obtaiaed  is  lurari&Mj  i^i  oat. 
(Jacabi.) 

An  atom  of  any  one  electrolyte  requires  For  ita  ilorompostMS  di 
Bune  <]uantity  of  electricity     an  9ioxQ  of  any  other,  vbettier  tim 
nation  be  licM  togetLer  by  stronger  by  feeble  affinity. 

If  thecurreiit  ofabatiety  bepijsseil  tbrooeb  the  voltanietcff  «iiti«« 
— by  meaus  uf  a  platinum  wire  eotermg  at  the  upper  end  aaH  wmtrrB 
positive  electricity — into  a  gl*s8  tube  containing  fused  pR<t<MU'«P 
uf  tin,  and  having  ip^rted  into  its  lower  end,  a  pIstiDani  wii«.  riiA 
serves  a«  the  negative  electrode, — tben,  for  ercry  9  parts  nf  vMr 
dec^^impose«l  io  tbe  Toltameter,  58"53  parts  of  tin  are  de<po«il«l  tm  lb 
last-mentioned  wir»  (tbe  atomic  weigbt  of  tin  is  59). — Wlfn  fn-fl  "ij*" 
ride,  ludide,  oxide,  and  borate  of  leflJ,  were  tr^ted  iu  a  similar  a:u*c, 
tlie  '|iiantily  of  lead  obtained  waA  tno  stiin])  in  pro|K>rtion  t<>  lb»  *M 
decouiposoii,  vii.:  to  9  parta  of  water,  100-8,  89,  93-2  and  Iftl  3  W 
whereas  ttie  atomic  weight  of  lead  is  103-S.  The  c:t[ise  of  tbif  ii*ftoni» 
is  prt)))il>ty  that  a  portion  of  the  precipilAled  lead  was  rt^d^?9o1red  Ijll* 
anion.  ^Vlion  two  silver  wires  are  introduced  as  elertnxle^  inlu  fW 
etloridi'  of  silver,  the  weigbt  of  the  positive  eleetrode  diiuiui-)i  • 
fiMctlv  by  108-1  jiarls  of  silver  for  every  9  parts  of  water  de-- 
the  Toltaiueier.  whilst  that  of  the  iio^tive  electri^de  tncrvawe  b^  lu-^ 
((uniitity.  Chloride  and  iodide  of  lead  treated  in  the  Aame  manMt.ti' 
bein^  Useil  aa  th«  positive  electrode,  give  101-5  and  109-5  le»d  fmMf 
S  parts  of  wvter.  (Faiailay.) 

If  the  same  cvrrvnt  l>e  n^de  to  pass  through  ftued  cblotiJa  of  I"' 
and  i^tiitiou  of  Olaubrr'g  salt^,  ooo  atom  of  Glaaber'a  mlt  ia  iKomf^ 
for  every  atom  of  lead  reduiTcd  If  instead  of  Glauber's  nit  a  imM 
of  coiiiiiion  salt  be  u$ed,  the  electricity  being  condiurtcil  into  it  by 
of  a  vngheil  tin  pHte.  tbt^n  for  every  atom  of  lead  reduced,  ooo  aM^ 
•oda  b  separated,  and  one  atnni  of  liia  dissolvc^L  (Omniell.) 

If  the  current  of  a  battery  be  parsed  thrunnh  a  nQmber  of 
solutttfos  connected  by  platiimtai  wire^,  the  tuetala  nn  precipitaUd  iatt* 
l«Uo  of  their  atomic  weighty — e.  y,,  about  four  tistm  tut  modi  alnl  t 
oopaer.  {Mattvocci.} 

For  Beritflius's  objMtkilu  b>  Fs»dar'»  law — that  CHjoal 
atoitts  uf  Ihiaid  mjuin  «<|aal qoMttitiee  of  electririty  to  deeoniposotb*- 
vid-  Iknri^^.'  J^t^  15,  34.  *^ 

The  ({naatity  of  «leGtncity  vbieh  an  atom  of  Uquid  rtmnires  to  Jm» 
m»il,iB«nal  to  lha  i^nantity  which  an  atoM  of  ih*  awne  tiqnl«Mti« 
ouriag  its  «lecCn>-«heiBMal  deconpi^ttoa  by  poadersbla  bowaa.  fl^ 

If  a*  Btaoi  of  hTdngvB  ku  girea  ap  a  ^naatity  of  ueguin  dMB> 
eity,  ilqaafj  hf  g,  wmA  u  aMa  of  oxygen  the  mmc  tfm^Mr  of  f^" 
dectgicity,  ia  wbwiag  to  ferai  water,  this  awaavmity  of  electi^ 

Man  ha  nsfeomd  la  Mh  of  Um  h^  tht  eartviit.— ui  aloa  af  «iW 
ik^MoailMMedVf  aaatoaiofaiaevhMh  miUims  with  itsnxnam^gtM^d 
^■|jtar»alKttiniy  arc aet free fraathanacv — while  'ht  aUu  -f  L.iiJ* 
OB  the  cMper.  takei  r  oaiti  of  Mnlhv  alectricity  fraaf^i^^ 
>M  nniu  <M  po6iU««  clacimitjr,  wUeh  tow  tiu«agh  tbe  siMiliV 
%»  m  ttsito  nf  aitfatire  iHmdinmtj  liliiiHiJ  ttmm  tW  stac]. 
Mkwui^  exportOMata  aM  aa  wnifiwaiu  ^MmMimd 

lU  ««rtrty  d«avtd  «  ai^h  «B  of  tW  h*tt.«  in 
ptta  (I  Al)  of  »ai«i  la  tho  ««HaMl«r.  «bi  alwvya  knaSm 
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32*2  parts  (l  At.),  on  account  of  pore  ehemical  action,  wliich  could  not  be 
altoeether  preTented. 

When  a  Baniell's  constant  batteiy,  with  amalgamated  rinc  was  need, 
93*6  parts  of  zino  were  diseolred  in  ra«h  cell  of  Ihe  battery-  for  every  9 
puts  of  water  decomposed.  (Jacobi.) 

With  batteries  coDtainiog  only  one  liquid,  the  loss  of  zinc  is  greater. 
When  the  form  of  the  battery  and  the  nature  of  the  liquid  are  varied,  the 
followiog  differences  are  observed, — F.  denoting  Faraday's  apparatus, 
with  double  copper  surface  (p.  424);  Tg.  the  common  trough-battery, 
with  singlecopper  surface;  QZ.  the  surface  of  the  plates  in  square  inches, 
P  Z.  the  number  of  pairs;  1  Tr.  the  number  of  atoms  of  zinc  dissolved  in 
one  trough  during  the  decomposition  of  one  atom  of  water;  and  Tot.  the 
number  of  atoms  of  zinc  dissolved  in  all  the  troughs  taken  together.  Jn 
both  batteries,  the  liquid  used  was  a  mixture  of  200  measures  of  water,  4-5 
of  oil  of  vitriol,  and  4  of  strong  nitric  acid. 


QZ.  PZ.  ITr.  Tot. 
P...  3  40  2-25  8B-4 
Tg..  4      40   3M  141-6 


QZ.  PZ.  ITr.  Tot. 
4  20  3-7  74 
4      20      5-5  110 


QZ.  PZ.  ITr.  Tot. 
4  10  6-76  67-6 
4       10    15-5  155-0 


When  different  liquids  are  used  in  a  Faraday's  battery  forty  pairs, 
Uie  qnantities  ofzincmssolved  in  eachcellforoneatomof  water  decomposed 
are  as  follows:  With  200  measures  of  water  mixed  with  8  of  strong  nitric 
acid,  1*85  At.;  the  same  quantity  of  water  with  16  nitric  acid,  1-82;  with 
32  nitric  acid,  2']  At.;  with  16  measures  of  strong  hydrochloric  acid,  3'8; 
with  9  measures  of  oil  of  vitriol,  4-66;  with  16  measures  of  strong  hydro- 
chloric and  6  of  nitric  acid,  2'11;  with  4"5  measures  of  oil  of  vitriol 
and  4  of  nitric  acid,  2-26;  with  9  measures  of  oil  of  vitriol  and  4  of  nitric 
acid,  2-79;  and  with  9  measures  of  oil  of  vitriol  and  8  of  nitric  acid,  2*26 
At.  zinc.  Nitric  acid  is  therefore  the  best  for  this  battery;  and  different 
degrees  of  dilution  of  this  acid  do  not  affect,  to  any  considerable  extent, 
the  proportion  between  water  decomposed  and  zinc  dissolved.  (Faraday.) 

If  ihe  current  from  about  foar  pairs  of  zinc  and  copper  be  made  to 

re  into  a  solution  of  nitrate  of  silver,  and  the  quantity  of  zinc  dissolved 
the  eame  one  time  as  another,  the  quantitv  of  silver  separated  will 
likewise  be  constant, — whether  the  zinc  be  quickly  dissolved  by  the  use  of 
strong  and  warm  acid,  and  the  galvanometer  strongly  deflected  by  the  cur- 
rent— or  the  zinc  be  slowly  dissolved  by  cold,'  wedt  acid,  and  the  galva- 
aometer  fieeblv  deflected.  The  same  quantity  of  electricity  passes  through 
the  liquid  in  both  cases,  though  in  different  times:  hence  the  quantity  of 
■ilf  or  precipitated  is  likewise  the  same.  Similar  results  are  obtained  with 
a  battery  of  copper,  platiuum,  and  nitric  acid. — If  a  pile  a  be  constructed 
of  lead  and  platinum  plates,  and  a  pile  b  of  copper  and  platinum,  the 
weight  of  the  lead  plates  being  to  that  of  the  copper  plates  m  the  ratio  of 
the  atomic  weights  of  the  metals,  viz.,  as  103-8  :  32, — and  the  currents 
of  both  batteries  be  passed  through  solution  of  nitrate  of  silver  contained 
in  separate  vessels, — then,  when  all  the  copper  and  lead  are  dissolved,  tho 
quantities  of  silver  separated  in  the  two  vessels  will  be  found  to  be  equal. 
(Matteucci.) 

Since  an  electrical  machine  developes  much  less  electricity  in  a  given 
time  than  a  galvanic  battery,  even  with  veiy  small  plates,  it  does  not 
readily  produce  decomposition,  notwithstanding  its  high  tension.  When 
the  machine  is  employed  for  tliia  purpose,  the  two  electi-odes  are  connected 
with  the  two  coatings  of  the  electrical  battery,  or  one  with  the  conductors 
and  the  other  with  tlie  rubber  or  the  ground.    The  exoetajre  tension 
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the  electricity  must  be  weakeaed  by  ^rin^  a  largt  nrfaet  hi  Um 
OP  tho  conductor,  or  else  l>y  jHispinrr  the  ehar>*e  throagli  ■  nlMiu 
thut  it  Bball  no  longer  burtit  vi^Eeiitly  thruu^b  t]i«  clevttDlTtii  m 
deficiency  in  quantity  niuat  be  coin  pen  sated  hy  j  rnjifirly  iiiiiliyi 
cloctruile,  so  nu  tu  concentrate  the  electricity  ut  iu  eBtikM  in 
liquid  upon  B  FHiD-U  point. 

WoUastun  fused  line  goU  or  eilver  wires  into  gUai  tm  mt&ufwn. 
tbiit  only  the  extreme  poi'uta  gf  the  wires  came  to  eonuet  with  li  " 
III  tliiti  inanuer  he  decompoeiMl  water,  and  stilpfaate  of  oappw  uiilv 
sublimale  liissolved  in  water,  by  nboiit  lOO  turns  of  tfae  niaHtiwi 
this  decomi'osition  of  wattr.  b'otSi  oxyjren  and  byilro^n  won  rt*M 
etwh  electrode — a  T^nfnh  probably  arieing  horn  ttie  greal  istniAtT  V 

electricity,  which  WoUastoti  took  no  means  to  cottutern'  L  Sii  H. 

effected  in  tiro  houtH,  by  Wollaston's  method,  the  docu  in  position  H 
solution  of  sulpbiite  of  jiytnsh  contained  in  two  ctip«  c  r  i   .     M  t 

Ins.    (Comp.  GaLn.  and  Hisinger,  Qi/t.  27,  311.)  H' 

45,  213)  decomposed  water  by  friction  I'lectricitj,  nnd  lil.i 
aplicric  electricity,  which  he  caused  to  enter  the  liquid  fi 
milliraotre  in  diameter, 

M'^heo,  only  one  wire  ia  surrDundeil  with  sealin^wnr,  dntontiw 
evolved  only  on  this  one  in  pure  water;  aoue  on  uie  otbcr.  Tbc^ 
the  sparks,  the  gre;it«r  is  the  quanliCy  of  detminling  sub  wvUei;  uti 
tbo  sparka  oease,  the  pis  produmi  is  diminii^hed  lo  a  mere  tnn.  k 
tiob  of  sulphate  of  aixk  yields  bot  a  trace  of  gas.  oven  when 
<ff  |Mtayd-  Hence  the  decompoeilion  of  wiiter  hy  machine 
different  from  that  produced  by  gaWanic  electricity,  (Fanulay) 

When  moialcned  lidnus  paper  is  connected  with  Lbei>in>uftb 
ductorof  the  electrical  ninchiiie,  and  moistened  tnmioric  paper  ^ai 
wirp  of  the  rubber,  and  the  two  papers  uniied  by  nivam  of  il' 
6»»'en[V  feel  loiig  moistened  with  solution  of  turmeric  jr^ per, 
lion  laKcs  pliic«(  (ftsid  therefore  reddening  of  the  litmus  Parirr 
acid  nud  browning     the  turmeric  paper  by  liberated  alkali)  as 
when  the  two  papers  are  unitc-d  by  a  shorter  coanectioD.     Th«  i» 
Ul»  high  tension  of  the  machitie  electricity.    Similar  remark*  uwh  l» 
dMOUfNWtiun  of  iodide  uf  potajtaiuin.  (Faraday.) 

It  IS  nut  even  necessary  to  have  the  circuit  rc^nlariy  closod.  U 
taiHMl  litmus  p:iiper  be  Connected  with  the  cnttductor  (or  tun 
irilib  lt>v  rubber)  anil  likewise  with  n  string  ^turatM  with 
«nda,  aad  c^^imniuiiicHtin^  with  Ibe  ground  (or  tlio  f(a«.niM 
or  t*»wa  if  tlio  p*p<>r  connected  with  the  conductor  or  tbc>  rubber  h» 
la4e>l. — decomposilitin  ciisne«,  ta  consequence  o(  omaiijnati^a  rf 
hiffblv  inl«BM  tlectriciiy  of  iho  mni-hine  with  the  oppoatto  electndtt 
ewdintf  Ftom  tb«  latent  eiortrie  tfuid  of  the  eiirtb  ur  the  air.  U«w( 


fl|i)H»ite  rt>aclion  Aow.>*  itwlf  at  the  part  of  tlio  |i<ap4>r  iartbcet  ftm 
iwint  at  which  lh«  elcciricilj  M  the  uiaohin^  eiiten^     If  ^  ihiMhi. 
witil  Ktlution  of  sulphate  of  $oda  and  nitaclicd  to  tbo  eoodiMitar  I 
in  rontavt  with  lurmertc  papvr  ci.nnectcd  by  a  win  -with  |bt 
under  cn'iind.  Ihe  paper  becotiicji  rotldened  by  the  lie^atirv 
whirh  nnwii  fnuii  the  earth  into  the  liquid.    A  aimilar  pfl*«ct  m 
uitoii  lilniiu  fiaper  raonrctAd  in  like  manner  wilb  the  ruUjcr.  I 
i>r  lilmiio  |Mi(>er  and  a  piuve  of  lormeric  paper  in  the  fom  of  atmte 
ho  inoMlriii>il  with  Kvtulion  of  ^utphnte  of  aoda,  l^id  tnrtthwi  hr 

1  betttMtn  conducting  wires  atiii^iftl  ia^a» 
macbitie— the  ends  of  the  witm  beiaf  W( 
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n  inoli  distant  from  the  yn'mta  of  Iho  fiftpera — reddenitiff  takei  place  at 
both  points,  but  disapiveare  again,  when  th.e  points  are  turned  round,  eo 
u  to  brin^K  ttie  turmeric  paper  upposttp  to  tlia  poaitivo  oondiiclur.  The 
two  paper  triangles  inay  ulso  hir  laid  upon  ;^ltLSH.  and  connected  with  the 
two  coudui'tora  by-strings,  six  int-hcs  lotiir,  moistened  with  flolmion  of  eul- 


fbstc  tit  .wila. — Solutiotjs  of  iodide  of  potaesiuin  and  acetate  of  lead  ^ivu 
eurreRpondiiig  rpsHlts.  (Fsmdsy,) 


If  llie  .;k-i-tricity  from  the  riiachiuo  bo  CKHniuuiiicated  throii,||;h  the 
edimii  of  a  wet  string  or  a  wire,  i>r  in  ipinnll  sparks,  to  au  elrctrwde 
dipping  into  a  liquid,' — a  solution  of  iodido  of  potaesium  mixed  witi 
Btareh  is  turned  blue  by  h;ilf  a  turn  of  the  inatbinc— solution  of  eulpbat* 
"if  Hodn.  reddens  litiiiii!  aud  tMrinerk-  papiir  after  two  or  three  turn^— 
lydrochlorie  acid  eyolvea  ebloriijie — and  sulphate  of  copper  depoaitB  cwp- 
r  on  tde  silver  qatbod*  after  twenty  turns.  (Fiinulay.) 

Aquoouft  solution  of  iodide  of  piitae*iuoi,  contained  iu  a  sntall  U-tiibe, 
to  which' nre  ininiersed  platinum  wires  proceodiug^  from  the  conductor 
'Iherubbor,  aiequircs  ii  yeHow  colour  in  tbe  positive  arm.  (Heorioi, 
■.+7,431.) 

TnjtMiice  of  (he  Intendli/  0/  ths  Cnrrent  on  Deeomposition. 

[The  more  readily  the  atoms  of  a  liquid  ore  transposed— whether  from 
peculiar  nn-turc  or  from  the  tbianess  of  the  lilni  of  liquid  between  the 
•ctrodos,— the  Minuller  \ti  the  tension  wliiuh  the  eleclrto  current  require-fl 
1  order  tu  penetmlo  it,  the  g^reater  the  quaulity  of  >elevtri'city  wbitli  Aowa 
ito  the  liquid  from  n  given  90uro?,  qud  the  greater  the  quantity  of 
quid  decomposed  in  a  piven  time-    If,  however,  by  iacrenBing  tbo  num- 
sr  of  paira,  or  otherwise,  tbe  tension  baa  been  mised  to  such  a  degrea, 
bat  all  tbe  cleclrieity  evolved  from  the  source  in  a  g^iven  time  is  able  tfl 
Dler  the  liquid — so  that  tbe  jralvanonieter  ehowa  the  siime  deflection  whe- 
ler  the  circuit  be  closed  by  a  metallic  coddootor  or  by  a  liquid — a  furthw 
9  of  inteoeitv  does  not  accclcrato  the  de^uniposi tioii,] 
Aetueons  solulron  of  todide  of  potaaaiuni  may  be  decompoKid  by  a  cnr- 
BOt  of  the  sninilest  tension;  next  in  ordor  of  facility  come  fused  chloride 
silver,  fused  protocliluride  of  tin,  fused  oblortde  of  le.id,  fused  ioilide  of 
*d,  water  containing  hydrotbloric  itcid,  water  cutitaibing  salphuric  acid. 
That  the  ehlnride  of  lead  is  more  eaaily  dt'fonipused  than  the  iodide, 
^rhaps  urines  from  (he  platiuum  electroae  having  a  greater  affinity  for 
iilorid'?  than  for  iodine.  (FiiPJidtiv.) 

If  the  cells  o  and  b  {App.  30)  contain  dilute  Hulpliuric  acid  of  1-25 
gr., — o,  />,  and  (being  pliLtinnm..i7  amalf^aniated ainc,  and  A  a  pUtinnm 
Iftte,  uq  which  is  btid  a  piece  of  jiaper  moistened  with  solution  of  iodide 
'potassium,  and  baring  the  end  of  tbo  platinum  wire  plaeod  in  ooniact 
Hb  it, — continued  di^coniposition  of  tbe  iodiide  of  pota«eiutii  takcg  place, 
jilst  on  the  two  platinum  platers  immersed  in  b  out  a  singk'  gaiv-bahblo 
OB,  ffvea  in  the  course  of  several  days.  Even  when  the  paper  at  A  is 
ff^l  and  metallic  conlact  e»tab]ished,  not  a  partiele  of  gas  is  evolved 
jn  f> ;  neither  does  any  evolnlion  of  gaa  euane,  when  the  eell  b  cnntaine 
aqueous  Buliition  of  poljiah  instead  of  sulphuric  aeid.  But  iv hen  to  the 
sulphuric  lurid  ill  <i  a  little  nitrie  acid  is  added,  an  evolution  of  gas  takea 
fibicp  on  tbe  jiUtinuni  plates  in  the  conrse  of  twelve  sfvconds,  because  the 
nitric  arid  increaaea  the  intensity  of  tbe  eleetrio  current.  (Faraday-) 

If  two  pieeen  of  paper  lying  on  plntiDcim  platen  are  placed  in  the 
rnmnt  of  n  nnglo  pair  of  amaiignmatcd  xinc  and  plHtinnro  immerwij  in 
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Bolutioa  of  commoa  salt, — one  of  the  pappra  being  moUtcne*!  with  eolnl 
of  todide  nf  potasiiunir  the  other  with  sulutioa  of  sulphate  of  soda,  ftnd 

latter  pluced  between  moisteDcd  litmus  aud  tcinneric  fiapere,  and 

circait  m  closed  by  a  beut  platiuum  wire,  whose  ends  re^^t  od  the  tvo 
papers,  the  io*lide  of  potiisiiiiim  la  decomposed,  buL  not  tbo  ^alphate 
BoJa,  not  even  when  tlio  iudidc  of  potassiQin  paper  is  retnoveil,  and  nieloUic 
contact  eatallitihed.  If  one  of  the  platinum  plates  be  replaced  lij  a 
rapsulo,  in  whicb  nitre  or  cbloride  of  lead  is  niaiuUaincd  in  &  state  of 
fuj^ioQ — the  line  !tnd  pla-tiiiuui  |>!at(?^  beiog  immersed  in  dilute  siilpburic 
acid — the  iudide  of  potassium  its,  decoinposod,  but  not  the  nitre  or  tht 
cbWido  of  lead:  cliloridt  of  silver,  on  the  contrary,  is  decompoAfd 
readily  fts  tbc  iodide  of  pwtaasiutu.  It  appears  then  that  water,  eolm' 
of  sulpliafe  of  soda,  chlnrido  of  lead,  and  iodide  of  lead,  can  give  pof- 
to  currents  of  very  aniall  intensity  witljrtut  bcin^-  decomposed.  (Fnnday 

The  current  from  a  single  pair  doca  sot.  decompose  water,  and 
produces  deflection  of  the  galvanometer.    If  tho  current  of  a  ten-i«ir 
battery  bo  weakened  by  tho  interpoeition  of  a  long  thin  wire,  to  enr\i 
deg^reo  tliat  it  produces  tho  aanie  defleotion  q§  the  current  of  n  single  \ 
it  will  boliovc  tchwards  water  in  the  saniP  miiniier  as  Lbe  latter.  Hpim^ 
feeble  currents  yasa  through  water  without  duconipo^ing^  it.  (Jacobi.) 

It  (fi  true  that  no  gas  ia  obtained  when  a  foeUe  current  is  condac 
into  a  watery  liquid  by  meatiB  of  platiuum  plates:  n«Tertbele«e, 
water  is  decomposed — bat  bo  slowly,  that  the  oxygt-n  a-nd  hydrogen 
liberated  on  so  large  a  Siurfnce  partly  surround  it  as  an  envelop©,  and 
partly  absorl>o(i  by  tho  water.  Even  when  two  fine  plaiinum  wires 
need  an  electrodce,  not  a  ainglo  bubble  of  gas  eseapea.  But  if  one  el 
trode  conaista  of  a  platinum  plate,  the  other  of  a  fine  wiw-  of  tbo  m 
metal  covered  with  glass  up  to  its  [loint,  according  to  Wolltt^ton'a  met 
(p.  438j,  gaa  is  evolved  &l  tbc  point  of  the  wire — ^^tbuugh  only  for  a  *h 
time — when  the  water  U  subjected  to  tho  aetiun  of  a  pair  of  ptnl«« 
sine  and  plutinwrn  in  eolution  of  common  ealt.  The  evolntion  of  ga» 
renewed,  both  when  the  surface  of  tbo  larger  electrode  is  iucrea<5ed,  and  li 
wise  ivbon  the  cnrrent  is  rcTcrserl.  Tbe  gan  appears  at  tho  narrow  A 
trode,  because  the  wider  surface  of  tlie  other  greatly  facilitates  alMorpti 
When  the  electrodes  have  eqiiul  surfaces,  the  positive  electrode  bso 
negative,  in  couaeqiiem-e  «i"  a  film  of  oxygen  attached  to  it — and  tho  nq^ 
tive  electrode  positive,  from  a  film  of  hydrogen;  npd  tbua  Ibo  primitin 
cnrrent  is  weakened  (vul.  Sr-condar;/  Curratlt),  eo  tliat  the  water  is  tie* 
composed  at  the  game  rate  only  as  absorption  goes  on. — SuljihaU)  iif  aodt 
may  also  Iw  docompoaed  by  the  current  of  a  ^'\r  of  jiuc  and  pl&ti 
eolutlun  of  common  aalt,  by  means  of  electrodes  of  very  uncqimJ 
like  tho.-;e  almvo  def^eribed.  (Andrews,  I'offff.  41,  Grove 
(Pi>ff!7.  48^,  305)  concludes  from  his  cxperiuient.-,  that  wnitr  doM  d 
conduct  tho  electrie  current  without  undergoing  decomposition. 

The  current  from  a  single  pitir  of  aniiilgama Led  /inc  and  platia 
plat«6  In  dilute  enlphuric  acid,  however  etroni;.  though  it  always  deca~ 
poses  iodide  of  potasiiiuiii,  does  not  [visihlyl  dccnmiiofie  nci<liilated  wm 
or  solution  of  nitrate  of  silver.    The  two  Ifiet  mentioned  liipiids  are  =; 
deODinpoeed  even  when  the  plates  are  immersed  in  dilute  >'ulphnric  act 
but  wbea  a  small  quantity  uf  nitric  acid  is  acMed  to  the  liquid  in  l' 
exciting  cell,  deconi position  lakes  place.    But  ibe  current  of  a  p«r 
xinc  antl  cojqHjr,  having  the  surface  nf  a  wqunro  niolrc  and  immcncd  i 
dilute  snlpliurio  acid,  without  any  nitric  aeid,  likewiw  decompoMw  n' 
of  silver,— 1k>ch use  thin  largo  pair  (U-vchi[i*  a  greater  qnnnlirv  i.f  clpct- 
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ciiT.  Hence  deeomposiUon  depends  only  on  the  quantity  of  electricify. 
(Sutteuoci.)  [That  however  the  intensitj  of  the  corrent  exerts  great 
inflaence,  is  evident  from  the  fact  tluit  combination  of  a  namber  of  paiic 
of  plates  however  small  will  decompose  anj  electrolyte  whatever.] 

If  the  electrodes,  dipping  into  addalated  water,  consist  of  one  of  the 
more  oxidable  metala  instead  of  platinnm  [in  which  case  the  affinity  of 
those  metals  for  oxygen  will  favour  the  decomposition^  then,  according  to 
Henrici,  the  current  of  a  single  pair  consisting  of  zinc,  dilute  salphuiio 
acid,  sulphate  of  copper,  and  copper,  will  decompose  water  and  evolve 
hydrogen  gas,  the  deflection  of  the  galvanometer  increasing  as  follows,  with 
the  qaantity  of  gas  obtained  in  an  hour: 

FlatiDnm.  Silver.  Cojiper.  Brass.    Steel.       Tin.  Zinc. 
Cnb.  c«ntiin.  Hydrogen  ga«      0        0-3        12         19         34         36  72 
Sine  of  angle  of  deflection      0°!'     O"  6'      0"  8'    0°  W     8°26'     {("ll'    28°  17' 

Some  decomposition  of  water  is  doubtless  effected  with  platinum 
electrodes,  but  as  the  oxygen  evolved  does  not  combine  with  the  platinum 
Uw  action  is  retard»i.  (Henrici.) 

To  this  head  likewise  belong  the  experiments  mentioned,  pp.  403...  .408. 

Thermo-electric  currents,  weak  both  in  quantity  and  intensity,  decom- 
pose nitrate  of  silver,  when  the  electrodes  consist  of  platinum, — hot  not 
salts  of  copper,  lead,  tin,  or  tine ;  in  these  also  electrodes  of  gold  or  silver 
produce  no  effect.  But  when  the  electrodes  consist  of  the  same  metal  as 
that  in  the  eolation,  decomposition  is  easily  .effected — e.  g.  nitrate  of  silver 
with  silver  electrodes,  snlphate  of  copper  with  copper,  protoohloride  of  tin 
with  tin,  acetate  of  lead  with  leaden  electrodes.  Platinum  wires  in 
solutions  of  platinnm  produce  no  effect.  A  thermo-electric  current  ia 
best  conducted  into  a  solution  of  common  salt  by  means  of  wires  of  zinc, 
tiu,  lead,  or  iron, — less  readily  by  copper,  with  difficulty  by  silver,  and  nut 
at  all  by  platinum.  Similar  to  the  action  of  the  thermo-electric  current 
is  that  of  the  very  feeble  current  obained  when  the  vessel  a  (App.  2) 
contains  potash,  b  nitric  acid,  and  the  a«bestu8  fibres  h  solution  of  common 
salt — platinum  wires  dipping  into  a  and  b,  and  being  connected  with  wires 
of  the  metals  above  mentioned.  (Becquerel.)  [In  this  case,  the  electricity 
has  no  affinity  to  overcome — because,  for  every  portion  of  metal  separated 
at  the  cathode,  an  equal  portion  combines  with  oxygen  and  acid  at  the 
anode,  so  that  the' electricity  has  only  to  transpose  the  atoms.] 

The  following  experiments  were  made  to  determine  the  proportion  in 
which  the  decomposition  of  different  liquids, — and  therefore  also  the 
quantity  of  the  current,  increases  with  the  number  of  pairs : 

In  A  a  pile  was  constructed  of  sine  and  copper  with  solution  of  sal- 
ammoniac,  in  B  with  water  containing  nitro-sulphuric  acid,  and  in  C  with 
spring-water;  in  D  a  batteiy  of  zinc  and  platinum  in  dilate  sulfdiaric 
add  was  employed. — The  liquid  in  the  decomposing  cell  was  water  =  Aq , 
or  a  solution  of  1,  4,  8,  or  10  parts  of  sal-ammoniac  in  100  parts  of  water 
=  Sm  1,  Sm4,  Sm8,  Sm  10;  or  satarated  solution  criF  sal-ammoniac =Smg; 
or  dilute  sulphuric  acid  =  S  f ;  or  a  solntion  of  1  part  of  sulphate  of  sine 
(zinc-vitriol)  in  100  parts  of  water  =  Z  V;  or  solution  of  iodide  of  potas- 
sium =  IK. — PZ  denotes  the  number  of  pairs  employed. — The  degrees 
under  A,  B,  C  give  the  deflection  of  the  galvanometer;  the  nnmbers  under 
D  denote  the  relative  quantity  of  hydrogen  gas  evolved  from  the  solution 
of  iodide  of  potassium.  (Matteucci.) 
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In  tbe  follomiig  experinienta  of  Jacobi  and  Walker,  Daniell'a  eaufeM 
ba.ttery  waa  nmd.  TLe  quniitUy  of  fletoitatiiig  gna  devolopetl  in  lit 
decomposing  cell  in  u  given  time,  accorilinj^  a  j[^re»ter  or  leu  nnmbi^  W 
])latci^  were  oonueoted  together,  u  a«  det^nrain^d  ia  niea^uree.  In  Jienb'i 
experimeiiU  and  iu  tUom  of  WaEker,  given  mii]f>r  a  aad  i>,  the  deooDpiaisf 
cell  contaiscil  w^ater  acidulated  with  Gulptiurie  avid;  in  e  it  ooDluntd  J» 
tiJlod  water. 
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Injlumce  of  the  ChemUxkl  Naiure  of  the  Biedro'ytt  on  iV*  Deeompomtim. 

The  [apparenll  comlucting  power  of  liquids  for  electricity  i.f,  list 

Bueoepribility  of  aecompositiou  hy  the  electric  current — is  usualtv  ti»*e- 
iiiiiieil  liy  placing  them,  to^flther  with  a  galvanometer^  in  na  *«>lcctn 
current  of  cungtunt  It'ii^ion,  and  dctenniiiiiig  by  liuvr  miich  t1i«  t|aaitlilr 
tht'  current  {llic  dcfloctinn  of  the  galvanometer)  is  diininUhed  ^j'^ 
interpo^isitioii  uf  the  liii[iiid.  The  iviree  or  plates  inimerd>?<I  iq  tlic  uni 
must  bo  at  the  eamo  ijl^tanoe  from  one  another  in  all  ov^os.  The  difftrwa 
of  conducting  power  appear  ty  U>  eo  nim.'li  the  gn-ator,  aa  tlw  trNai<ni  d 
the  ourreut  \n  ]s:»a,sni\  become  less  perceptible  us  iho  tensioq  iacrmM«. 

The  small  conduding  power  of  pure  wjitor  is  wtmitli^tmbly  iacnw*' 
by  tho  'joln(i<m  uf  other  suh^itances  in  it  (p,  'H  1^  h), 

Tho  (very  weak)  thenno-oIeL-tric  current  of  a  einglo  pair  of  b«t«uA 
and  autimnDy  ie  very  cosily  inducted  by  tbo  atjiieous  polutioci  of 
gulpliqrt.'t  of  i^Kita^ium,  by  a  mixture  of  Eiypt*nitne  ociil  triUi  m 
qimntity  of  water,  by  red  fuming  nitric  Acidj  and  by  h  nilxtttrv 
Dieftsure  nf  nil  of  vitriol  witL  two  me^iire^  of  strong  srilutioti  uf  MlaklH 
of  copper;  it  in  also  conducted  tolerably  well  by  ycllww  oitrie  ac><l|  lok  if 
a  mixture  of  two  lu^aBures  of  oil  of  vitriol  and  an^  niOMuro  of  walcfr* 
nli^htly  by  oitrie  acid  freed  by  boiling  from  bypoaitric  arii),  and  If  J 
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of  vitriatj^very  Rliehtly  by  solution  of  potoelj,  and  not  Bit  all  by  anhy- 
drous hvpoiiitric  ac'iX  (Faraday.) 

The  cumlut'ting  itower  of  pULinom  is  254(i6S0  timee  greater  than  that 
of  a  eaturatcil  aolutioii  of  wutphate  of  copper.  Aasuniing' tho  latter  =  1^ 
tliat  &f  a  mixture  of  1  measure  of  eolution  with  1  measure  of  water  = 
0"(i4,  witli  2  measures  of  water  =  0-44,  with  4  niejiaures  of  water  =  0'3I; 
that  &f  a  ajiLurateJ  aotution  of  eulpliato  of  aiiio  =  O'ilT;  that  of  a  mixturs 
of  water  with  jj^gy  nitric  iwid  =  O'OIS;  anil  that  of  pure  water  0'002S. 
^  (Pouillct.) 

The  current  of  a  40-pair  battery  passed  through  pure  water  givee  only 
^■•^  as  much  dielonuling  gaa  in  a  given  time,  aa  when  the  decomposing  ml 
^Heontains  dilute  sutphuric  acid.  (Faraday.) — Wattr  liecouics  much  moro 
easily  lieowtiipusihle  wheu  mixed  with  sulphurio  acid  than  when  satarated 
with  coQiiiiou  aalit,  (Henrioi.) 
1^      The  current  of  a  pair  of  line  and  copper  plates  in  eaturated  solation  of 
eommoii  salt,  coniiucted  by  means  uf  two  gilt  brass  platce  into  the  ander- 
r    u^ntioBcd  li<]aids  (all  the  solutions  are  saturated)  produces  the  follfowing 
,     deflectioDa  of  au  itittirposed  galvanometer:  Pnrewater,      scetat?  of  lead, 
1^8. ..4  J  sulphate  of  putaeh  or  soda,  nitre,  chloride  of  caleium,  or  cliloride 
of  lead,  3';  chlorate  of  pota«lu  7";  borax,  chloride  of  manganese,  tartrate  of 
~  polaiib,  tartar  emetic,  acetfito  of  eoda,  or  bcni^oatu  of  potash,  10  ;  carbonato 
^  of  potash  ur  aiida,  II  ;  green  vitriol,  nitrate  of  lead,  or  acetate  of  potash, 
1^';  oxalate  of  potash,  13  ;  aqueous  ammonia  of  sp.  gr.  I>'9$(^,  or  tartario 
^  acid,  15-;  protiocyoride  of  tin,  10...20  ;  alum  or  sntpbftte  of  copper,  20°; 
sulphate  of  zinc,  22  ;  dilute  pho8]ihoric  ncid,  23';  strong  vinegar,  25-j 
mixture  of  1  part  oil  of  vitriol  and  4  parta  water,  28';  nitrate  of  mercury, 
30";  Englijih  oil  of  vitriol,  GO, .,32  'j  nitrate  of  $ilvQr  (solution  ofit  ijuito 
saturateil),  35';  dilute  nitric  acid,  tiat-a;uiniuniiLC,  or  ficsc|Tii-chbiride  of  iron, 
42"*;  bichloride  of  platinum,  45";  di3ute  hydrocblono  acid,  50". — Whuii  a 
large  pair  of  zinc  and  copper  plateH  i^  escitod  by  solution  of  coDimon 
aalt,  the  deflections  are  etronfr^r,  but  the  difforcnceB  with  reppect  to  the 
various  liijuids  emfiller.  (PfaA',  >SVAit<i'.  55,  298.) 

The  current  of  the  aauie  battery  passed  through  varioas  acids  of 
different  degrees  0/  concent  ration,  prouuces,  according  to  Mattetic«i,  tha 
following  deflections: 

£p.  Gr.  GrIt.  Sp.  Gr.  Galv.  Sp.  Gt.  G»lr, 

Sulphuric  add                 1-850          35'  1022  3R'         I-OlO  .16= 

Nirric  «tid                     M«0          .V7  102SI  47  I  3J 

Hydrochloric  Bcid*  ..     1-260  1-027         50         1415  r>7 

If  the  deflection  produced  by  I  part  of  sal-ammoniac  in  100  pnrU 
of  water  araonntB  to  12",  it  will  be  22"  with  2  parts  of  sal-ammoniac,  26° 
with  3  paries  ai"!  27"  witli  4  part*-- — If  1  par(  of  sulphate  of  linc  in  100 
of  wnter  gives  3"  deflection,  2  parla  of  the  eanic  salt  will  give,  5*, — 3  p3.t-ta, 
fi- j',— 4  parts,  H%—r>  parts,  1 3", — It  parte,  1 7',— T  parts!,  23'.— and  8  part*, 
24".  If  a  solution  of  1  part  of  aal-umTnoniac  in  100  water  givea  a  de- 
flection of  1-2',  and  n  Bolution  of  I  part  of  nitre  in  H>0  water,  a  deflectton 
of  K'.  a  solution  of  sal-am luotiiac  and  1  nitre  in  100  water,  will  produce  a 
deflection  of  12*  +  —  20^  The  same  simple  addition  takes  place  with 
other  atjueoufl  and  alcobolic  solutioiis.     Hence,  when  1   part  of  sal- 

'  Since  hjdrocliloric  ncid  never  ba>  the  t-p-  gt,  it  i>  proHble  that  thq  nqjnberi 
annned  to  hj-drochloric  acid  ttiilj  beiong  to  nitric  Mid,  snd  riet  ten4.  ( Vid.  Anm. 
Ckim.  Phfi,  66,  2i^,) 
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Dfeampmlicn. 

Hot  water  ts  more  abnodanily  d««oinpo$ed  br  Um  rlactiin  

cold  walcr.  (Gaj-Losac  &  f  lienanl.)— Tlie  wAeccjoa  of  Uu  nhv 
iooKUM  ty^aiiderably  aa  tlie  electroivte  U  h««tcd:  bu 
reaebes  tta  limit  at  a  certain  cenpenitDTc,  vbidk  19  ma  muA  Ua 
bigh«r  u  tbe  con'Iactipg  power  of  the  electrol^  ia  leas.  On  wTaBiw^ 
ooolipg.  iiigutd  vlill  retains  a  little  of  rbe  inmaaed  coa^lDaCtiif  MW 
wbicli  it  bad  aojoired  hy  beatiog.  (Maueuc^i.) — In  a  latter  tmw  ^ 
water  excceAiag  an  inch  ia  diameter,  th«  iofluenre  of  heat  ia  immtm- 
tiblp.  In  <JiIatesalphurrcacid,  a  very  feeble  cnment  of  12'  is  incnMadti 
30"  hy  ieniting  Uutb  (lie  electrodes,  or  ooly  the  Dc^tiv«  one,  wbw 
hpatitii;  (he  poaitive  t-leetrude  alutiG  has  ijo  effect  wbat^iTer.  '  SioiHillr 
with  riilric  acid,  tlic  deflectirm  is  increased  frum  12°  |o  «0'  bv  baalix 
tlid  iioifativo  wWtrode.  (Da  Ja  Rive,)  [Tbe  applirailion  of  boftt  te  tk 
nvtcalive  cWtrodc  proWbly  liWra[ee  tbe  bubblct  of  bvdro^n  emi  «bi 
covpt  tbat  efectroile  in  large  quantities,  aad  hiader  tLe  tnins^tTtic*  vf 
etectricit^  ] — T\w  d^cflcction  of  the  npG.I]e  Is  likewise  iiuTi'tamiHl  by  beaiivi 
th«  jwaitivo  electrode.  (Faraday,)  -  Heating  the  poaitive  eliTtrodv  lo- 
frcuat's  tlio  current,  ohly  when  tbe  temperature  K  raised  ti>  the  b«ibw 
pc>j[]t  <jf  ibo  litiuid-^tbe  limt  then  acting'  by  mecbauicaJ  agitntioa  iim 
rt'mri'vin^  From  the  n^^'ativg  clectrodo  the  BubstaDce«  (gaa-bubUw} 
wliitli  Imve  bt-cn  rurried  (oward«  it:  hence  the  defl<iOtinn  i«  Itkwv* 
inoriMiAi'il  Uy  iliaking  ihe  negntire  electrode,  (Vorsednian  do  Ht-rr  r^M- 

43,  mi.)  '  ^ 

Tbft  drcnniponhion  wf  wn(er  goes  on  in  a  *cuM  glass  tube  oootataix 
two  jrlntiiiiim  wires,  «vcu  when  the  water  is  snbject^  by  the  nt-cumaUlM 
''"t'loatinj;  gM  lo  a  )»ri>siurp  of  eleven  ntmo^phcrcB,  the  dcflcvii(m  lU 


ELECTROLYSIS. 


445 


galvannmeter  even  increaainp  a  little  under  theae  ctrcumatancea.  (Jacob!.) 
TliB  dcveloprat'iit  of  gas  etiH  goes  on  when  the  water  ia  subjected  to  a 
pressure  of  150  atniosphereH,  till  at  length  tie  tube  biirate.  (Degen,  Por/y. 
OS,  43i.) 

In/aence  of  the  Relative  Volnme  of  the.  Elect  rolt/tt  m  Decompasttifm. 

"When  tlio  curront  from  two  puira  of  zinc  and  plntiniim  excited  by 
dilutQ  sulphuric  aad,  is  eondmatcd  by  mvuns  of  tivo  pliitinuio  plates  into 
dilute  sulphuric  aciii,  the  strength  of  the  current  is  the  b»iii<>,  iviicthor  tEio 
platinum  pliLtc^  .iru  at  Vliq  dietanco  of  six:  inches  from  one  another  or  se- 
parated only  by  the  tlitekne«8  &f  a  sheet  of  paper.  (Faraduy.J  [With 
pure  water,  a  greater  djiferenfl©  would  probably  be  found.] 

The  ihitiner  the  Gbii  uf  li(]ai<]  whiuh  the  current  haa  to  tmverse,  the 
greatei"  ia  the  deHection  pruduci?d.  The  incrertae  of  ileflcctiou  cjiuscti\)y 
dtmitiisliing  the  thickness  of  (Iiq  litjuid,  is  tho  more  considcmblo  as  the 
eonJuCtinfj  power  of  ihe  liquid  ia  less  \i.  e.  aa  the  resistance  tu  the  trans- 
pdfiitioQ  of  atoms  ia  greater].  When,  however,  by  eiilar^in^  the  platinuri 
plates,  the  current  has  been  raised  to  its  maximum,  the  aofleetion  uo 
longer  incretwed  by  bringing  the  electrodea  nenrer  together.  (Mattenccj.) 

The  distance  hetwcew  the  electrodes  remaining  the  ^ame,  the  deflec- 
tion b  augmented  up  to  a  eertain  point  by  increasing  the  lieight  and 
brfailth  of  the  Itqjitid;  but  when  the  increase  in  dimonelun  is  carried 
further,  the  deflection  dimlniahes,  The  deflection  ia  stronger  when  the 
positive  electricity  cntere  by  the  narrower  part  of  the  litjuiil,  and  the 
negative  by  the  wider,  than  in  the  contrary  case.  (Matteucci.) 

Iiiffneace  of  the  Chemical  iVafare  of  the  Electrodes  on  DecomposUton. 

The  greater  the  tendency  of  the  electrodes  to  combine  wiih  those 
elements  of  the  liquid  which  are  set  free  upon  tbcnij,  the  more  easily  docs 
tlie  deooTJipoKitiou  takes  place, 

If  the  <|iian(ity  (tf  electricity  in  the  current  of  a  single  pair  of  lino  and 
copper  plate."?  in  dilute  eulphnric  acid  bo  equal  to  1001)  when  the  circuit  ia 
clo.>ed  by  good  metallic  conductors,  it  will  amount  to  the  f<)l]<jwinp  qnan- 
titie.s  when  the  current  is  conducted  by  the  undermentioned  electrodes 
into  the  following  liqiiidai  zinc  plates  in  wnter,  O'Sj  in  fuming  oil  of 
vitriolj  Gi'7;  in  a  mixture  of  1  part  of  sulphuric  acid  and  3  parts  water, 
S51j — pbitiiiinni  electrodes  in  hydrochloric  acid,  2  C;  in  nitric  acid,  IT'7; 
in  aqua  regia,  338-3.  Hence  itapj>ears  that  those  liquids  which  do  not  act 
olieniically  on  the  electrodea  offer  the  greatest  retiijitaace.  (FecEiner.) 

If  the  cnpa  a,  h  {Aj>p.  2),  contnin  dilute  enlplimrie  acid,  o  consisting  of 
sine,  p  of  copper,  and  y/(  i  of  one  of  tUe  following  mt'tal§,  no  hyJrogeu 
g&H  is  evolved  ai  the  end  ;>  when  'jhi  consists  of  plutinum,  and  only  a 
trace  when  it  is  fonned  of  goid;  next  follows  eilver,  then  copper,  then 
tin,  then  iron,  and  lastly  Kinc,  which  yields  most  of  alL  tf,  how  ever,  the 
two  cups  contain  amnio-nia,  the  doflectio'n  is  stronger  when  ffA  i  eonsisle  of 
copper  than  when  it  ia  fotmoil  of  iron,  (De  la  Rive.) 

When  the  positive  electricity  of  a  pair  of  zinc  and  platinum  is  con- 
ducted by  isinc  into  dilute  sulphuric  acid,  the  qnautity  of  the  current  is 
the  sunie'as  when  ihc  circuit  is  metallically  closed  without  the  iutetpoei- 
tion  gf  ft  liquid.  (FaradayL  v!d.  4-11.) 
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Iw^^mmae  of  ike  Surface  of  the  £lectrodet  upon  D« 

Electro<lcs  of  small  surffico  evolve  as  mnch  iletonatiu^  from  i 
lated  wiLfer  iti  a  piveu  time  afl  thoae  of  a  larg^er  sdrftice.  (Tanitf^ 
When,  towever,  iho  current  is  strong,  the  dcwomposttion  ilimitiubo  iif 
tlie  elettrndi?  lie  too  small  to  nll&w  frcp  paseagp  to  tlie  <^urr*nt;  thas,  i 
DaoieU's  Lattery  of  tc-n  pairs  yieldij  2'7  cubic  incLeo  of  dotoiMtiog  pa, 
wlactliiCr  ttiP  elsctrodcsare  funned  of  broad  platen  of  itlatmutn,  or  M  »im; 
but  if  the  lalLei*  are  covered  with  reein  to  within  n  otaarter  of  an  isfi  tf 
their  points,  tbe  quantity  of  gae  per  minute  is  re<iae«d  to  £  3  rtiK  n.; 
and  wlicii  they  are  coated  up  to  their  (KiintSj  it  is  only  0-S  mb.  in.  a 
this  last  caBC.  the  g&s  ia  driven  into  the  lii]uid  with  some  force.  (Dahicil.) 
— With  currents  of  small  quantity,  on  tho  contrary,  the  deeompontion  m 
increaeeil  by  tlimlnihbiii^  ihe  eiae  of  the  eleclnwl^es.  and  therrhr  onm- 
trating  (he  (.'urrent.  (WoUaeton,  Matteucri.)  The  detlrclion  ij  llkeviv 
atrouger  when  the  positive  electripity  enters  by  a  narrower,  aodUieacft- 
tive  electricity  by  a  wider  eleetrode,  than  in  the  contrary  eue  [befuiri 
greater  <|uaDtity  of  gas  ie  eTolved  at  the  negative  etoctrode].  (MiUcwd) 

Deconi position  of  Indiridual  Compounds. 

Nlcliulaon  and  Carlifile  dlsL-nvered  the  decomj^Kialtion  of  waUr, 
singer  &  fierEoliua  that  of  salttf,  Sir  H.  Davy  that  uf  the  alkalis. 

Water. 

The  electric  eurreut  acts  more  readily  on  water  contained  in  ■  ImJb 
of  asbestuB  librea  than  on  a  coUunin  of  that  litjvid  of  «qtMl  tmf((h 
thickDesd  in  a  U-tobc.  (H.  Dary.) 

Many  Biibstanccs  which  are  i^oluhte  in  water  favour  it«  decarapontw 
(p.  413);;  bnt  with  a  powerful  batterv.  tlie  i^aine  quantity  of  dvunoti^ 
pia  la  obtained  io  a  given  time,  uhetlier  the  water  te  mixed  with  a  lani 
r  a  eMail  nviiantity  of  ealphuric  acid,  or  holds  in  aututioii,  pr^lBf h.  t*m 
■carbonate  of  patiish,  aulphuti-  of  ammonia  with  eicejw  i>f  nmiounia,  Br 
phate  of  ^ndn.  Dilute  i^ulpliiirie  ncid  ot  tjt.  gt.  from  1  -25  to  \  b  M 
adapted  for  the  pitrpoiie.  Acid  of  1 -411^5  ep- gr.  ylelda  it  «orocwbftl  gnttm 
gnanlity  of  g^is,  because  it  rotainft  hss  oxygen  gaa  in  •ulutioa.  Wilfe 
ftcid  of  »till  greater  etrengtb,  g,  2  iiieaiiurea  of  oil  of  vitriol  to  1  Btr- 
enre  of  wat^r,  only  0  ^5T  viilunio  of  oxygen  is  obtained  for  omy  I 
vulumea  of  hydrogen, — possibly  herause  the  pre<lifiposinfr  affiiiitr  of  tltf 
sulphuric  acid  favours  the  production  t>f  pemxide  of  liydro^n.  ( ('arwhrJ 
Connell  likewise  obtained  with  iheeie  diD'crcnt  stdulicins,  and  bIm  •« 
tluit  of  buracic  acid,  eoUElaolly  the  aime  quantiLy  vf  dt-tonatinft 

When  water  ix  diviik-d  by  a  aienibraiie  into  iwo  iwrtiun*,  aii4  «mW 
tlie  eEcctrocteH  uf  a  powerful  battt?ry  inuiierscil  i»  each  of  litem,  th*  nHt 

Tisss  in  the  ue^itivi.'  and  ninke  in  the  |iovitlve  division.  (IVirrvL)  TIm 

efTuct  IB  eshibiti^d  by  distilled  w»tor  and  rain-water,  which  arc  kad 
iluctors,  but  not  ty  oiilioe  aolutiona,' — and  is  dae  to  the  reai«tanr«  vhMt 
tlio  water  cp[>o»e4  to  the  pas^^ige  of  positive  electricity.  (De  la  Ui«v.^ 
On  the  coolrury;  Tbis  ofTect  is  seen  only  in  water  w'liiek  holds  in  ••It- 
tinn  Bonie  feall,  by  the  deconiposition  of  wbicli,  alkali  collecla  ia  tW  Mft- 
ttv«  and  Acid  ill  tlio  pofiitivo  dividoDj  and  the  rise  of  the  water  b  WA% 


electrolysis;  water.  4itf 

direct  conaequ«iiee  of  tbe  action  of  ttd  electric  currentj  but  ia  prodnead 

by  cndoamose.  (DutrooliBt,  Poffg.  28,  36^  eiymp,  Sctiweigger,  Sehti:  18, 

Water  not  freed  from  atmoftpheria  air  yields,  fn  con3E^qaGnc«  of  the 
nitrogen  which  h  cuntains,  nitric  acid  ia  tbe  poBilive  gold  cup,  and  am- 
ntoniik  iti  tli«  negutivii'  gold  cup  coniiepted  with  the  former  by  ineiina  of 
aebefittis, — the  uitrogeu  conihiiiin|2:  with  oxygen  at  the  anode  and  with 
hytlrogen  Ht  tlio  JMLtbode:  the  quuntity  of  the  nitrit  acid  continually  in- 
oreasea,  but  that  of  the  ammonia  soon  rea^hoa  a  inazirnuni.  If  the 
receiver  uutler  which  the  gold  cups  aw  placed  be  cxhau^ited  uf  air,  then 
filled  with  hydrogen,  and  a^in  cxbauetodj  neither  acid  nor  ammouia 
appooni  in  the  water,  {H.  Davy.) 

When  platinum  electrodes  urc  UBiud,  somewhat  less  than  one  measnrs 
of  osygcn  gaa  ia  obtained  tor  every  two  mcasiireG  of  hydrogen;  for  the 
former  is  more  readily  absorhed  by  water, — partly  heeaiiBe  it  is  evolved  in 
■mailer  bubbles,  partly  because  water  is  cabciitiiUly  capable  (if  ubEorbiiig 
oxygua  gas  in  greater  quantity  than  hydrotren;  porbnpe  alsu  n  ^mall 
I  quantity  of  percixldo  of  hydro^^en  is  formed  at  the  anudc.  The  dctumat- 
ing  gag  likcvFifc  contains  nitrogen,  which  wo.^  previonaly  dissolved  in  lEie 
■wat'M',  (Faraday.) — Jast  at  the  commcnceiTieqt  of  (he  deconi position,  tho 
detonating  ga3  contains  leas  than  its  normal  i^uautity  of  oxygen,  because 
the  poijitivo  platinum  wire  oxidates  ou  the  Hurfooe:  the  latter  portiona  of 
detonating  gas  contain  almoet  exactly  the  proper  quantity  of  oxvgea.  If 
both  the  jdatiniini  plates  have  been  previously  cleaascul  (by  rubbing  thora 
while  hot  with  hydrate  of  potat^b,  dipping  them  in  oil  of  vitriol,  and 
wsJthicig  with  watt-r  out  of  conMu^t  of  qir),  the  negsitive  plate  irriucdiatcly 
evolres  giui,  tb'fl  |>ositive  plate  ant  till  after  eonie  few  eecundiS.  becaitee  tho 
first  purtiona  of  oiygen  are  retained  by  the  platinum:  if,  on  tlie  uther 
band,  the  pliilinuia  plate*  haVc  been  exposed  to  the  air  for  Bonie  time,  gas 
is  immediately  disengaged  on  the  positive  plate,  but  oftcb  not  till  aftcf 
twenty  seccmls  on  the  negative  plate, — bccftHse  tlio  iJrsl  pfirlians  of  hydro- 
gen 8ft  Tree  bnve  to  rediico  tho  oxide  of  phitiunm.  (De  la  Rivt) 

Clean  plntlnuiii  wire  used  in  rapid  alternation  a^  positive  and  nega- 
tive eluctrodo  beeonice  covered  with  a  Llauk  powder,  Lciiisislrng  of  finfly 
dividfd  nielallio  platinUTu;  for  the  metal,  in  conducting  paxitivo  elec- 
tricity, takei  lip  a  Iniie  of  the  liberated  oxygPn  and  firms  an  nxiile, 
which,  when  afterwn ird.s  used  aa  a  eatlmde,  reduced  by  tlie  hydrogen  to 
the  stale  of  finely  ilivided  platinum. — If  the  electrode  a  roiiisi^t^  of  a  ibiii 
platinum  wire,  and  the  eJcetrode  i  of  a  liroad  plate  of  the  same  inoLtil, 
the  volumea  of  oxygcu  and  liydrngen  g.ie  evolved  from  water  ariiinkteil 
with  sulphuric  aeidarc  in  tho  exact  pniportion  of  I  :  2,  when  n  li^  u^iyd 
as  the  anode, — because  the  email  surface  of  tlie  wire  ran  take  mp  bnc  a 
trifling  qnuntity  of  oxygen;  bnt  when  b  in  wbchI  aa  anode,  the  f]n;in.tity  of 
oxygen  iff  defieient  ^  and  if  b  bo  then  put  in  the  place  of  tlio  ritbode,  the 
quantity  of  hydrogen  appears  deficient,  because  a  portion  of  that  element 
is  employed  in  reducing  the  oside  pncviously  formed  on  ft.  Konce,  when 
platinum  which  has  Vicen  nwd  as  anode  i^  at'lerwards  nmdc  to  conduct 
ncg:itive  electricity,  wnuo  ecconds  elapRQ  befi^re  hydrogen  gaa  appears  on 
it«  Htirfiice,  because  the  first  portions  enter  inl'>  combination  wilh  ibo 
oxygen  of  the  oxide  of  platinum.  This  fnjn  er  possew^ed  by  platinum  of 
fixing  OK^gcn  oil  its  surface  expIainB  the  fact  annHiiineed  by  Peclet,  viz. 
tliaL  iitntiuum  may  bo  jweitive  with  regard  to  gold.  Gold  wire  used  ae 
the  anodo  in  dilute  sulplmric  acid  acquires  a  reddish  ting«  from  oxidation, 
' — Bud,  when  tho  poles  are  changed,  becomes  pulveruleut  on  the  surlooe,  a 
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CDBeeqoeoee  of  redaction  of  the  gold  frtirmaalj  oxn&ied.  (Dtl 
Po??.  46,  489;  9JiJ  more  fully  in  Po^y,  54,  378.) 

To  eqbj^  &  li'^aid  to  the  actioa  <f{  ra|ii.dly 
Cla,rl£e*8  ma^ct^siectric  apparatDs  may  be  Dwa  (or  Daaidrc 
ljatl«ry  with  a  Commitlat<ir).  To  detemuDe  the  (jOSlltity  of  tfc«  ' 
a  Drcguet's  tbertnottietef  mav  be  iuterposed  in  th^  oircvit.  The  1««  Ik 
cnttent  u  retarded  by  ihe  liquid  and  electfod«s,  tbe  bigber  vill  W  Ubt 
temperature,  =  T.  The  Uqaid.s  e-xpcnmentcd  upon  are:  I  meumifil 
of  vitriol  to  0  mea^tu-es  uf  ivatcr  —  V,  and  1  meiieaiv  oi  eoMcMBkl 
mteie  gcid  lo  9  ueoaarea  of  irnter  =  N.  The  quantity  of  Buxvd  bvdU- 
gen  and  oxygen  j^sca  tfvoWcdm  tbe constant  interrAlof  fivetawvlM=6 
The  residnc  obtained  after  the  snccettsive  detonation  of  all  the  wpwi 
qiiantiLies  of  gas  =  R.    The  roT^nlta  ftre  cls  follows: 

Two  platinum  wirea  in  N  t'ive,  at  tbe  beginning,  I  '5  coJ>.  in.  G  (!■  i 
minutes),  T  =  20*^;  after  2(f  minuter,  0'/  cab.  in.  O  (in  5  nia«t«|; 
T  i=  afler  40  minuteu,  unly  0'05  cuK  in.  G,  and  soon  aftdrwuib, id 
evt^lution  of  pis  c^aiwe;  T  =  33".  The  wirea  become  oumpletely 
with  bluck  powder,  consisting  of  finely  divided  platinum.  Tbe 
quant]  Ly  of  g.isohtaiacd  amuuuts  to  7  cubic  inches;  and  ikftcr  exploaicdi  tkn 
reiuuins  O'iki  cub.  in.  R,  whi^L  is  a  mixture  of  «xy^D  and  nitrogfs:  ll* 
latter  probaUy  unsGB  from  air  containcil  in  the  water, — the  fonaatnm 
the  nitric  acid  having  (^lortod  a  eligiit  oxidating'  action  on  the  plttion 
and  hy-Irogen  liaviag  been  expended  in  the  redactioa  of  the  oxide  tla 
formed. 

Platinum  wiros  in  V:  In  tlie  first  o  miunte?,  14  cub.  in.  O;  af iff  W 
minuter,  0  5;  T  ~  50".  After  explosion,  there  remains  0'3l  cnh.  n.  L 
consisting  of  1>'15  cub.  in.  of  hydrogen  pas  and  0  )5  cuh.  in,  of  nitngva 
The  exvC'^?  of  hydro^n  is  due  to  the  oxidation  of  the  platiimni. 

Gold  wires  in  N:  In  the  first  5  minutes,  15  cub.  in.  G;  T  =  21;  afti 
40  miniitea,  0'9  cub.  in.  G;  T  =  27^.  When  the  experiment  u  coMiBB' 
for  a  lotij^cr  time,  tlie  evolutton  uf  gtia  no  longer  diminisfaM,  aaj  Tv 
lunger  incruasoa.  R  amonnts  to  0'4  cubic  inches,  consigtjQ^  of  O'S  tinwn 
gna  and  0'2  iiitrcigcii;  when  the  expori meat  is  continued,  R  doec  Mt  » 
crease  any  further. 

Go]il  wires  in  V:  At  6tat,  !'l  cub.  in,  G;  after  40  minuteR;  sliisrt  ( 
G;  T  =  44^;  0'22  cuh.  in.  R  consisting  of  0-16  hydro^n  and  O-M  p- 
trogen. 

Silver  wires  in  V  give  no  perceptible  evolution  of  gas;  T  =  .lO*. 

Cop|jcr  wirea  in  V  evolvo  gas  at  intcn-als,  and  geqerally  i&  T<jy 
enifiJl  quantity,  probably  nothing  but  hydrogen;  T  varies  from  4S' It 
46°,  accordiug^  sin  more  or  less  gu^  is  evolved.  Tliu  wires  oxidate di^rtl)^ 
and  acquire  n  pulvcrideut  ^urf!i{«,  white  a  portir>n  of  axido  of  com* 
diaaoWca  in  the  acid.  Gold  and  silver  wires  likewiso  ac(|itir«  piil  h  niiiW 
(turfjicc.9. 

Lead  wires  in  V;  Jii  the  first  live  miuulcA;  0'5  cub.  in.  hyilrogon 
T  varying  from  5'  lo  6'.    The  liquid  le  rendered  turbid  by  a  white  pow- 
der [autpTiiito  of  lead!],  with  which  also  the  anode  becomeB  oovereoW 
con^icqnently  isalated^  fienco  the  small  rise  of  temporalun?. 

Iron  wires  which  evolve  0  35  hydrogen  goa  from  V  without  ihm»iA*i 
eleclricity,  give  in  the  clectrie  current  10  cub.  in.;  T  = 

Cadmium  wires  in  V  give  scarcely  &i)y  gas  without  tlto  a«d  o£  Ik 
current,  and  no  mure  when  placed  in  the  current, 

Zinc  wjrc9  give  about  the  same  quantity  of       with  and  withool  tlv 
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Tike  smaller,  therefore,  tlie  evolatioii  at  gas,  and  the  more  tlie  paosags 
of  Llie  current  is  racilUaled  hy  oxitiaLiiin  nnJ  deoxiilntion,  the  liigher  ia 
tlie  temperatoro  produced,  and  the  gpcalipr,  therefore,  the  quantity  of 
electricity  which  pasees  through.  Tlio  liighcr  the  tompcriitiire  shown  by 
th«  Breguet'a  themoraeter,  the  colder  Jogs  the  liquid  remaiD.  (Dq  la 
Kive,  Popff.  54,  49T.) 

[When  ouce  a  ^iutBdent  cjuantity  of  finely  tUvidpd  platiuuni  has  beta 
foriiied,  tlic  evalntion  of  gaa  cemes,  because  the  platinum  in  this  state 
readily  takes  up  tho  oiygen  sejmrated  from  the  water  by  the  action  of 
the  ciiiTcnt, — and  while  one  wire  ie  oxidized  in  tfiis  niauiter,  th«  other  ia 
deoiidized  by  tlie  hydrogen:  the  opposite  current  whidi  immediately 
Bucceeds,  reverses  the  process  — a»ct  so  on.  The  current  lias  iii>w  no  further 
(leceii)pasitiou  to  efl'ect,  wli.ich  is  not  ipimed iately  compensated  hy  the 
fpririation  of  a  new  coinponnd,  and  tht-rcfore  It?  whole  force  ia  expended 
in  trail s)<o sin-;  the  ntuni»>,  Ilciice,  as  the  evolution  of  ga»  diminishes,  ihe 
carrent  inci-eascs  in  i|tiaiiiity,  and  heats  Breguet's  thernkomelei-  more 
etrongly;  and  as  the  decomposition  of  l3ie  vater  ceascs,  the  rise  of  tem- 
perature in  lh&  lif^iild  which  accotn panics  this  dec&inpoaition,  ccmm  also. 
The  case     similar  with  the  olliei-  meta!d.] 

Charcoal  uaed  as  the  anode  in  the  decomposition  of  water  acidulated 
with  sulphuric  acid,  evolves  cftthonic  acid  and  earbonid  oxide  gajtcs. 
(Fttraday,) 

Antimony  nsed  m  an  anode  lu  water,  becomes  covered  with  suhoxtde. 

When  mercury  is  placed  nnder  water  acidulated  with  sulphuric  acid, 
nml  the  plalinwni  cathode  dipped  into  the  mercury,  while  the  anode  id 
imtner^d  in  the  water^  tbo  negative  wire  becomes  fjuicklv  amalgamated; 
and  the  mercury,  which  has  thiie  been  made  to  act  for  a  time  as  the 
calhoile,  has  the  fiowcr.  when  taken  out  of  the  circuit,  of  oiiickly  araulga- 
inating  wires  *t(  platinum,  iron,  or  steel.  TLIs  etluct  is  due  to  a  trace  of 
an  alkali-metal  [or  liydrogcn]  whicfi  the  mercury  ha.9  taken  up  hy  elec- 
trolytic action.  (Grove.) 

Toliurium  acting  as  cathode  in  water  generates  tcHuretted  liydrogenr 
which  diasolvcB  and  is  ajain  decomposed  by  the  oxygen  sepiirated  at  the 
anode,  the  tellurium  heiiig  preeipituted  in  lirowu  ilakea;  hence  the 
ijoantity  of  oxygen  evolved  is  but  Email.  (Magnus.) —When  eulpEiur  or 
wleuium  is  attuclied  to  the  platinum  cathoile,  a  yellow  precipitate  of  suU 
phur  or  ii  red  precipitate  of  selenium  is  obtnined,  sulphuretted  or  sete^ 
niuri!ttf.<d  hydrogen  Ijeiii^  firat  fomied  aud  then  decomposed  by  tbo 
oxyr^eu,  wliicb  would  otherwise  escape  at  tlie  anoiie,  {.Magnus,  Pogg.  17,  • 
521.)— Antimony  acfing  In  water  as  calliode,  is  said  by  Ruhland  to  yield 
a  broWQ-black  compouud  of  antimony  and  hydrogen. 


DiveJapmmt  of  an  Otioroat  S'thslance  in  iJt^  Decompotlltari  of  JTatar. 

The  decomposition  of  water  la  attended  with  the  production  of  a  pecu- 
liar odour,  which  ia  confined  lo  the  positive  electrodef  bo  that  when  the 
hydrogen  and  oxygen  g.uea  are  collected  in  .»epamte  vessels,  the  latter 
only  18  affected  with  the  odour.  The  odoreau  principle  is  developed  only 
when  gold  or  plntiiiuiu  ia  used  an  ttio  anode;  not  with  oxidable  metals  or 
chnrcoal.  The  odour  is  jicrceivod  wlien  the  water  holds  in  solution,  phoa- 
phoric  ncid,  sulphuric  seiJ,  nitric  acid,  nitre,  phoBphnte  of  potash,  or 
sulphate  ofHoda;  not  wLen  it  fr>ntaiiis  hyponitric  acid,  hydrovb|ori<i  »cid, 
hydrobromic  acid,  metallic  iodid'^s,  bromides,  or  chlorides,  or  prolosul* 
phftte  of  iron;  it  ia  only  occasiinially  observed  in  a<lueoiis  solution  d 

roL.  I,  1  <s 


TW 
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r.»a*iW»mJ^MiiMiiliii  togethu,  mmmm  ibr  vinr, mI 

TW  >»Ti»  mhm  nlkrtwl  •»  >  UiUc,  qwiefcly  let  i*«  t^W  ^ 
■MM  wilk  m  maSl  niiij  i<  fiihmi  chuvoal,  aiiir,  ■Mi— » 

wilk  ifciiiMl  wmk  mm.    Thr  •4wr  »  itkvwiw  dwUujiJ  by  muU  ^ 
«f  tkaadttmaf  hjpMiliie  acad.  f  iMtrhliiiiJa  of  Ita.  ib4  pNto> 
•V  jiiliiii liifcili  «r  mm;  Ukaviv  br  KwinJ  nU  H  lihilBa. 

tkcm  Vf  mtmmm  ti  Ike  plwoaetar  u4  mwieweJ  m  u  v  wvtaf;  lifpi^ 
Tk«  €«rt  it  itw^  W  mm  wmtm  TW  vHal*  nteut  Ikii  MiHiv 
•kite  is  air  far  — > Wau^  b«t  Wh  it  in  m  lew  avnads  wWa  iwMirfk 
kjAraeca  gw,  sal  Ipmmb  pMib«v  wW*  kept  in  tWt  gu  for » WrP 
tase.  C«nw  >k>  cxkikiu  lU*  mSttt,  Wt  id  *  »iighl*r  4fgtm.  WW 
tW  «daw  «r  una  ■»  bw  bM*  4HMmil  I 


■  «r  vxji^  M*  bw  be**  JwMajW  bj  mny  ,.f  Um  aWre  pwt^ik 

V  T^**'*^—  BO  MBgK  been  KM  ll*gsdv«  iB  it. 


Tkii  wamm  •Aeax  m  pempiibk  aft*r  a  iCntke  of  U^Wiu,  Mrf  Ifc- 
Tias  wWb  aiactarial  Macbia*  U  b*ia«  mti.  By  ihv  alvvtncal 
aliuw  ft-ti— ^  febd  jCttU — *a*l  Ukewweaffar  in  a  bt  tiyw  maifSi 
I  Mian  i  aaMi'ff.  tW  wtal  Wta^  WU  Wr «  few  curna  of  tW  m^Uu* 
aWat  4a  imtt  jiaiaca  ftmi  tW  Uaai  end  «f  a  rod  hHftrt«d  iaiw  ibi«B- 
daetor,  m  as  t*  apem  h  to  ^  poAEire  elaairieitT^  iaaning  Lbtntfroat.  * 
tdas  arHMd  lo  tW  w^gaiirt  ofeondtj  nTaa  oal  from  tba  nibb«c. 
tiapa  ion  aot  beeoaa  aayatiTa  vWa  tW  poont  of  tba  eondaMW  1 
r  aanp 


t  plaiiaan  it#lf  i5  bot  or  Anp,  ta  wUA  met  no  bbmII  ia  paroaftiW  • 
nailbar  ia  tW  a^atin  «al«  bwheed  vhaa  iW  plaliaam  ilaclf  is  aOa^ 
l«  tW  ooadnelar,  aod  Cms  iW  poiaC  fnw  wbtM  Ika  elaetho  fluid  imm 
TW  «donMU  priac^  MBit  W  a  ^  aaalogoaa  to  eUuriae  or  bnaiM 
It  it  citbar  aa  oxido  af  Wdn^a,  eeotaiaiag  mam  iMxyg*n  tWa  lk 
peroxide  caauaoalj  ao  railed  (tka  bjrpotWua  ia  perb^ta  Uie  feact  faMii 
out),  or  it  ia  a  ainpW  raWlaaco.  Omme^  wbieb  parbapa  axiBU  ia  ««b» 
tion  vitb  bvilniigaa  ia  water,  and  ItkrwM  ia  tbe  aqaaoaa  TMnar  af  da 
air,  mud  b'libaiated  at  tW  mum  tia»  tWt  tW  vmtar  ia  ilMiBifavL 
<Soboabeia.  Ptm.  iO,  SI6.) 

Witb  a  l«ebEe  Wtiar;,  m  odoar  m  perceptiUe  if  tba  aaaJa  MMlid 
a]ar|gaplat«  c^f  platinniu  i  but  a  rttDsg  octonr  is  rnnjtl«0  wtm  tW 
ia  fernwd  of  a  pUtiaum  win>  ooaWd  op  to  tbe  point  wilb  wax. 
from  loDg-^Qtmneci  wcAkm  of  the  cunrnt,  tb«  acMlnfait«d  water  ' 
TQiy  bol,  tbt  9>!oQr  era  ace  lo  W  emitted,  ^ut  a  blaek  powder  a 
appeanDcc,  c«Dsi5titi^  of  Gnvlj-tltritkU.  plAiinum  aaparmted  hr  :■ 
trie  cnrreui.    The  vdoor  nrica  a  tUtI*  at-cunlinj;  ta  tho  nalarc 


miita]  oi  wbicb  tbe  aavd«  «>D»i8t4i  witb  pUtmam  and  n|v«r.  h  ia  iWlf* 

iad«l* 
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alJ  man  unpWasant  tbaa  with  goU  ;  wilb  co|>^r,  it  t*  faeUtar  aad. 
iliQ'crent  cliKWt^^r.  Tfae  'hIout  ia  duo  to  fioely-divided  aMtailic  ot>^ 
UlKitaed  Ibn'uijh  Ibe  liberated  uXT^cn  w.  Tbe  «Icclri«  snrk  bliaaa* 
Dtain»  buelv-Uivi<ltil  infull^  partitwa  separated  fruui  Um  oaodaal* 
I  tuliaUitit'^  ia  a  *l»,U'  ui  uinuie  diriaioa  are  foaad  in  tba  Uaak  W* 
i3ta  of  li^litaii^.  (Do  la  Rive,  Pogg.  54,  «0«.>— Wbao  ailver  and  elW 
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mfilals  are  biirnt  in  the  oxygen  giw  MowyiijK-,  In  wtiich  case  the  oxide  rieea 
in  a  state  of  minute  diFisi^iTi,  nu  phosjihorir  tntour  is  emitted.  (Gni.) 

Perwxide  of  hydrogen  (H  O'ji  le  gradaaWy  reeoJvcd  into  exvgen  ga* — . 
in  greater  ijnantity  than  thftt  yielded  by  water — and  Iiydropen  gsF. 
(Thenard.)  fSupjJoaio"  no  ivnter  to  hare  U'en  mixed  with  the  peroiitte, 
tiiis  eiperiment  must  be  regardeil  as  testifying  against  Faraday's  law. 
(p.  434,)] 

Atfueonji  ^ol-ution  ef  fodine.  Bromine,  or  Chloriitt. 

Iodine  and  Ijromine  faoilUnte  tlio  cleeamposiLion  wat«r — without 
betRg"  tlieiEiselvca  1  nLnsfiirrcd  to  cither  of  tlie  poleB — apparently  by  com- 
binin;;  wilh  the  hydro^u  liberated  from  iho  water.  Solution  of  bromine 
yiflds  a  inero  trace  of  liydro^ii]  at  the  ncgalire  pole;  with  solution 
of  iodine,  the  quantity  of  hyilrp^reu  obtained  is  ihree-fuDrths  aa  great  ti» 
tWt  collected  in  a  voHiimeter  interposed  in  the  circuit.  (Connell,) — 
RbIotU  (J,  pr,  ijhf^.  4,  HtT}  |ik<^wi^  obtained  from  aquotiiis  solution  of 
Intimine,  hydT-obroniii^  acid  at  tb?  ne^^tire  pole,  but  iu>  bromic  acid  at  the 
positive:  chlorine  water,  on  the  contniry,  yielded  livdrochloric  acid  at 
the  ne^tive,  and  a  little  chloric  acid  at  tne  positive  pole. 

When  bromine  \^  added  to  a  solution  of  starch  ttirned  bloc  by  iodine, 
H  yellowi!^l]  mixture  i»  produced-  TLi»  mixture,  Bubjocted  to  the  action 
tjf  the  current,  tuma  blue  at  the  nej^tive  and  oYan^e-coloure^i  at  the  poi^t- 
tive  poUe.  Hence  iodine  is  transferred  tn  the  former,  bromine  to  ihe 
latlrr.  (Dp  la  Rivo,  Ann.  Vkhn.  I'liijit.  ."li, 

Ac|neous  solution  of  mxide  of  rhioribe  (Cl  0*)  yields  hydrogen  at  tho 
cathode,  nod  a  aniuU  (gnantity  of  oxy^^en  and  perchloric  acid  (CIO') 
a.t  the  anode.  (Connt  Sladion.) 

On  filiinj^  a  U-tube  com^detely  with  dilute  Phoipiovic  aciii,  tying  over 
both  ends  with  bliwMcr,  fixing  enrh  of  them  into  the  jicrfoTated  bottom 
of  a  Mipamte  glass-vessel  filled  with  the  same  dilate  §olutiTin  of  phosphofio 
acid,  uonduetint;  into  both  glaases  the  riirrent  *A  a  conslant  Diiniell'^  bat- 
tery, and  deterwiining  at  the  same  time  the  volonie  of  oxygen  and  hydrojje-n 
gas^s  evolvpd,— it  is  found  that  while  one  atom  of  water  in  det-oniposed, 
only  from  onc-Gflh  to  ohe-fimrth  of  an  atom  of  phosphorle  acid  baa  been 
carried  ovpr  to  the  positive  glase.  (Dnniell.) 

An  iron  wire  serving  tho  anode  does  not  dissolve  in  dilute  ])ho8- 
phorie  acid;  but,  like  platinum,  it  develops  oiygen  gas  when  the  circnit  is 
ultinijilely  closed  with  it,  Oo  the  contrary,  it  oxidizee  and  diasolves  when 
inimerseif  before  tho  re*it  of  the  circuit  is  closed,  because  in  this  owe 
chemical  iictifin  preecden  ibat  of  the  electricity. — Iron  used  *»  an  anode 
in  uqueou,!  hypnp!io,''phorons  or  phosphorous  noid  develops  no  oxygen, 
possibly  because  phoHphoric  acid  i?  funned.  (Schimljcin,) 

Concentrated  phosphorie  acid  produces  a  nietKllio  pboephiiret  ou  r 
c«thode  consiftting  of  copper  or  platinum.  {H.  Davy.) 

Common  hydrate  of  phoEphoric  acid  yields  merely  oxygen  and  bydro- 
gcn  giw,  without  sensible  precipitation  of  phosphorus.  fFarailny.) 

ililutf  SvF^>finnc  ncitf.  1  f  two  cnp«  .i,  6,  connected  by  a^heetoii,  con- 
tain dilute  snlphurie  acid,  and  the  two  f-^illowing  cupa,  c,<(,  likewise  con- 
nected by  usbeetiis,  contain  srdution  of  sulphate  of  sodn,  the  quantity  o' 
snSphurio  acid  in  which  k  the  same  aa  that  ia  aft, — then,  on  coanec4ii 

2  a  2 


pMM  Jawh.    Ul  W-fft— >»WpriiW1  {Turner.) 

Jntriemid.  Vay Mbic MM CMdvrts vrll.  anHrMiUtax^ 
«uat  u  ikcMM  Im  it  ftvM  ytiUw  mnd  ^inw^rd 

■1 1^  eaiW4».  and  y^MMljr  cnlvw  akric  oxide  riu.  TIm  «x 
^tod  vilfc  (H  an  or  a  h^tt  ^tamAj  ol  nlnr.  gtvam  bjdrwM  g^* 
iW  iMgatitv  m1<^  tW  MMiTf  iacTBMi^  willi  the  MrvOgIb  of  tto  c 
root  thr  dilittM  at  «W  aM.  TW  ^oulilT  of  oxygHi  n*  ofcbM' 
from  eilli»r  ativn^  or  wak  mad  m  the  ana  as  tbat  in  the  voliaiiMtari  p 
likewue  ia  the  qiunti  of  bntn^ca,  tf  llwapadfiegnviij  of  the  aaJ  k  ■>* 
mab>r  Ut&n  |  -24.  H^ce  I't  k  only  tlie  water  thai  is  (lir«eUr  JuuuMyiW* 
by  lb«  eurreot,  th*  ttjdn^  hbenttd  from  the  water  mbaUaeibf 
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from  the  nciil,  wben  not  too  tliluto,  anil  thus  reducing  It  to  tLe  Bt^ta  of 
nitrous  acid  and  nitric  oxide.  (Faraday,) 

WLen  tlie  current  of  ti  stnaJt  cu}>- Apparatus  of  sixteob  pair's  is  ednt 
througli  uiti-iu  acid  of  T49  sji.  gr.  the  ue^tive  plntinum  wite  evolvea 
hj-drogon  gm  for  a  inomctit, — ^fter  wliicli,  all  ev&lntion  of  gas  ceiises,  and 
nitroua  acid  is  produced.  The  more  dilute  the  wiJ,  the  longer  does  the 
evolution  of  gas  continue ;  in  a  luixlure  of  one  racfiaiire  of  acid  and  one  of 
water^  it  kuts  for  half  a  minute;  tu  a  mixture  of  od«  measure  of  acid  and 
two  of  Trater,  it  goca  on  un inter ruptci[ly.  The  thicker  tbe  wire,  tlie  sooner 
doea  the  evolution  of  gas  tenniuate.  By  tbo  folloxring  metlioder  jdatlnum 
-wire  may  he  liruuglit  into  a  peculiar  cotidition,  in  which,  if  it  be  placed  in 
an  acid  of  such  a  Htrongth  that  the  evolutioa  of  gaa  would  cease  after  a 
■while,  it  will  evolve  no  gas  even  from  the  b^'gj]lning: — 1.  By  placing-  the 
two  polar  wires  in  immediate  contact,  dipjjiu^  thent  thus  united  into  the 
acid,  and  tlicn  siiddenly  ecpnratiug  thent.  (In  this  case,  ltow»ver,  the 
acid  must,  be  diluted  ivitb  eomewtiat  leaa  than  oue  measure  of  water.) — 2. 
By  igniting  the  negative  wire,  and  ininiierMing  it  after  the  positive  wire. — 
3.  By  com inuni cation  :  If  ttie  neftativo  wire,  after  it  has  ceased  to  cause 
evolution  of  gas  ici  the  acid,  be  Joined  outside  the  liquid  with  another 
platinum  then  the  latter  wire  immersed  and  iho  furmer  withdrawn, 

the  eetood  wire  will  evolve  no  ga*  either  at  first  or  aftertrarda;  more- 
aver,  the  jjanie  property  may  be  coninmniosted  from  this  to  a  third  wire — 
a.[id  fiu  on.— A  wire  which  liasi  lost  the  power  gf  Itberatiug  hydrogen  gas 
recovers  it  hy  eiposure  to  the  air.  The  time  of  exposure  muat  be  longer 
3.S  the  strength  of  tlie  acid  is  greater.  In  the  esse  of  actd  diluted  with 
an  eijual  hulk  of  water,  moiueutary  exposure  to  the  air  is  Bulficient:  iq 
Chia  case,  it  ia  likcwIaD  siiiHcient  to  interrupt  ibe  current  for  a  moment. 
SomctimeH,  again,  tho  same  effect  is  produced  by  agitating  the  wire  la 
the  acid. 

In  these  experiments,  the  platinum  wire  perhaps  favoura  the  combina- 
tiou  of  hydrogen  with  the  oxygen  of  tho  nitric  acid,  in  tho  liamo  manner 
as  it  acta  in  detoniiting  giis.— With  a  stronger  electric  current,  the  evolu- 
tion of  gas  at  llio  cuthoile  takes  place  uuiuterruptedly,  because  the  water 
IB  decomposed  too  mpidly  to  allow  the  preceding  eQ*ects  to  take  place. 
{ScLoiibein.) 

Iron  used  as  an  anode  in  dilute  nitric  acid  behaves  In  the  same  wayaa 
in  phosphoric  or  sulphuric  acid,  retaining  ita  passive  coaditiou  with  even 
greater  facility.  (Schijiihein.) 

When  pbitiuunt  wire  \b  used  aa  tho  cathode  and  active  iron  wire  aa 
tho  anode,  in  a  small  eup-api'-iratus,  tho  latter  being  first  immersed  in 
nitric  acid  of  1*35  sp.  gr.,  and  then  the  circuit  closed,  tho  iron  continues 
to  dissolve  anil  evolves  no  oxv.gi-'n  gaa.  If,  on  the  contrary,  the  cireuit 
be  closed  iu  euch  a  mauaer  tliat  tho  iron  wire  is  last  immersed,  the  iron 
becoraes  passive  and  evolves  oxygen  gas  just  ««  plalinuni  dooa,  while 
nitrous  acid  is  formed  at  tho  csthnde,  If  the  acid  be  diluted  with  from 
20  to  400  mcaaures  of  water,  then  under  tho  same  rircumataucfs  two  inca- 
aures  of  hydrogen  gas  are  evolved  at  the  surfjice  of  the  platinum  for  every 
oieagure  of  oxygen  evolved  at  that  of  the  iron.  If,  however,  the  two 
wires  be  maJe  touch  within  the  liijuid,  the  evolution  of  oxygen  ceaaea 
and  does  qot  recommence  when  (hey  are  separated.  In  a  mixture  of  one 
measure  of  acid  and  10  of  water,  the  evohuion  of  orygen  on  the  iron  like- 
wise ceases  on  taking  the  platinum  wire  ont  of  the  acid  for  a  few  seconda, 
and  then  dipping  it  iii  again.  It  is  only  when  the  acid  is  very  dilute, 
ev'olution  of  oxygen  roconinicncce  some  time  after  the  closing  of  ti 
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euit, — When  the  negativa  platlntim.  -wire  which  liberatea  hydrogen  gu 
from  dilute  nitric  aciil,  is  rcplaceil  by  an  iron  wire,  no  farther  aroliLtimi  «f 
bydrogeu  takes  place.  Iron  which  hn.^  been  rendered  passire  hy  nitric 
Bcid  in  rniT  way  whatever  reiiiaiiiis  po^'iivo  when  u^'ii  as  aii  anode,  pvm  it 
the  most  dilute  acid,  providtid  tliat  tliQ  circuit  lie  finally  closed  by  lln 
iron;  <if,  on  the  contrary,  it  is  iniiiiersed  in  the  arid  before  all  the  olbir 
|nrts  of  tlie  circuit  are  conneuted,  it  dijasolves  contiuiiously.)  The  RXHt- 
enco  of  thi^  po^^lve  coadltioa  in  uitric:  acid,  of  a  degree  of  dilutiun  it 
which  it  e^ily  (jiseolves  peroxide  of  ircm,  ia  favourable  to  tlie  suppoci- 
tiou  that  the  peculiar  condition  of  pa^siv^  iron  nriees  from  tbe  fomiation 
of  B.  lilm  of  oxide.  [By  th>L>  Hctlon  of  t!ie  current  ihg  tron  is  imaiediil«ly 
AUrrauodad  with  couceiitrated  acid.]{  While  the  current  ci>ntiD(]C«.  no 
gra>dual  solution  of  the  passive  iron  (enob  as  is  asserted  by  Faraday)  >cui  tw 
perceiTCfl,  even  after  several  hours;  bat  as  soon  aa  f ho  current  i«  totir- 
rupt«d,  tlie  wire  be^ina  to  i1is»!ilve:  hence  tho  p&mWn  et^te  is  dirertly 
produced  the  current  [which  caniiea  concentrAted  acid  trt  arrnmiibto 
round  tljs  ii-os].— When  dilute  nitric  acid  i*  disjioacd  \a  a.  Ivver  uUwn 
Bolution  of  potii^h  ill  atiy  resselj.  atid  the  positive  iroo  wiro  i«  dipped 
through  the  acid  into  tbe  pclo^h,  and  then  the  platinum  cathode  iinin»r«d, 
the  portion  of  iron  wire  which  dips  into  the  potash  hecouiea  oxidated,  M 
well  as  thnt  which  is  immersed  in  the  and.  (Schonbein,) 

When  iron  is  used  tie  the  anode  of  a  battery  of  '20  pairs  in  nitrio  acid  of 
apecilJG  gravity  froni  1-47  to  1  'ftf  it  liherateft oxygen  but  gradually  dissoir/v, 
even  when  eonipEotely  immersed  io  tlio  acid,  and  conjiecteii  by  mean''  u^ » 
platinum  wire  wcth  the  positive  pnle  of  tlie  battery.  If  the  rircuit  I* 
then  unclosed,  the  iron  becuniee  covered  with  a  Idrtck  coating  of  iodulalle 
oxido.  Fnseive  iron  used  iis  the  anode  in  a  mixture  of  ni^tric  a&d  nl- 
phurie  aeid  Hbcralea  oiygen  gn?,  (Aiidrowg.) 

The  gaa  evolved  fruni  nitric  acid,  either  concoutrated  or  modentvlv 
diluted,  at  the  iroo  anode  of  a  strong  battery,  is  not  oxygen  hat  tutno 
Dxide;  that  evolved  in  a  similar  nianucr  from  aoid  30  times  diluted,  fi 
nitrous  oxide,  From  this  it  follows  that  the  iron  i*  oxidised  liy  tlie  oitris 
aoid,  nIthouBfh  it  retains  its  tnotAllic  lustre.  (Buff.) 

Tin  used  as  an  anode  in  atroug-  nitric  acid  remains  pemiiuivotly  JH^ 
sjve,  and  stops  tho  passago  of  tho  current  more  effoi^tTmlly  than  inn  W 
bismuth.  (Andrews.) — According  to  Buff,  on  the  contrary,  tin  exfaibili 
tin  fionie  behaviour  t\M  that  which  he  obt^rvcd  in  the  case  of  iron. 

Zinc  uiC'i  as  an  anode  dissolves  in  strong  nitric  acid,  hat  mtlch  IDOn 
slowly  than  when  the  current  n^Lses.  (Andrew?.) 

Rmmuth  when  it  forms  the  »nodo  is  attacked  by  nitrie  acid  >u  ttroa^j 
M  when  not  |il:ieed  in  the  circuit.  (Schfinbein.) — When  the  current  pro* 
eeeda  from  two  pairs  of  amal^mated  Tine  and  platinuiu,  and  th*  phUhm 
MTCule  containing'  nitric  ncid  of  ei*.  gr.  l  i  in  cunneoled  with  thft  ntfstir* 
pole,  the  eolation  of  the  bismuth  immediately  oeaaeB^ — aod  on  breakinf 
the  circuit,  the  metal  ie  found  to  have  been  rendered  pasBive.  If,  oo  llia 
eontrury,  the  cunent  in  excited  by  a  battery  uf  SO  pairsi,  tbe  biiBi^ 
diesulvea  coDtiuuolly  though  slowly,  and  eiddeui  appears  piaraT«  after  tkt 
circuit  iji  broken.  (Andrawa) 

When  eup]icr  wire  foma  the  anode  in  a  mixture  of  ttitrie  and  arf^ 

Jdiurie  aoid,  the  gaivanniueter  after  the  first  inetaat  ahowi  boi  ft  rvty 
behlo  current — the  decomp»t:'iiit>n  of  the  liquid  ceawi  OBtimlj — d» 
cupper  wire  liheratea  uu  jpu — ia  not  attacked — and  wbes  IIm  eironil  » 
broltea  U  ia  no  longer  coluble  in  the  nitra-aulphurio  add  (ia  wMA 
likawiMj  aelire  copper  diaoolTw  but  slowly);  at  the  nuiu  timti^  H 
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•llpeatt  briffbt  on  the  anr^e.  It  appears  then  that  the  topped  bodies 
covered  with  an  insulating  film.  (Grove,  PhiL  Mag.  J,  15>  398 ;  abatr. 
Fom.  id,  600.) 

Fused  Artmic  acid  containing  water  neither  ooiiduote  nor  suffers  de- 
composition. (Faraday.)  A^ueooa  solntion  of  arsenic  is  rapidlj  decom- 
posed, with  abundant  deposition  of  Araenio  at  the  ca^oae.  Aqueous 
Artmiotu  aeid  is  deeomtwied  in  the  same  manner^  bat  more  atowlj. 
(Biichof;  ^attner.  Archiv.  6,  438.)  [Wat  not  arsenituetted  hydrogen 
evolved  at  the  same  timef] 

Aqueortt  aolvtums  of  Hydrogen-acids. 

These  acids  evolve  hydrogen  at  the  negative  pole  and  the  radical  at 
the  positive  pole:  the  latter  often  combines  with  the  metallic  eleotrode, 
but  is  set  free  when  graphite  is  used  as  the  anode. 

Sydriodic  acid,  whether  concentrated  or  dilute,  yields  the  same 
quantity  of  hydrogen  gas  at  the  negative  |)ole;  and  this  qaantity  corre- 
sponds to  that  collected  in  the  voltameter  interposed  in  the  same  ctrcnit. 
But  the  concentrated  acid  gives  only  iodine  at  the  positive  pole;  the 
dilute  acid  gives  less  iodine,  but  oxygen  gas  with  it.  In  the  former  oftae, 
hydrioditi  acid  alone  is  decomposed;  in  the  latter,  less  of  the  Acid  but 
water  besides.  (Faraday.^  The  more  dilute  the  acid  and  the  stronger 
the  currentj  the  greater  is  the  quantity  of  oxygen  gas  obtained.  (Mftt- 
teiioci.) 

Aqueons  Hydrohrcmic  acid  is  resolved  into  hydrogen  at  the  nc^ttre 
pole,  ud  bromine,  which  dissolves,  at  the  positive  pole. 

Concentrated  Sifdrochlorie  aeid,  or  a  mixture  of  it  viUi  at  moat 
8  meaaores  of  water,  eTolves  hydrogen  at  the  negative  and  chlorine  at 
the  poutive  pole;  a  small  portion  of  the  chlorine  combines  with  the 
platinnm  of  ine  anode.  A  mixture  of  1  measure  of  strong  hydrocblorlo 
and  with  9  measures  of  water  evolves  a  little  o^gen  together  with  the 
chlorine;  and  from  a  mixture  of  1  measure  of  strong  ^id  with  100 
measures  of  water,  17  measures  of  oxygen  gas  are  evolved  for  every  64 
measures  of  hydrogen ;  cooseqnently,  30  measures  of  chlorine  must  be  set 
eet  free  at  the  same  time.  In  this  case,  the  quantity  of  hydrogen  is  con- 
stant, whatever  may  be  the  degree  of  dilution  of  the  acid.  Hydrochloric 
acid  seems  to  be  more  inclioea  to  decomposition  than  water,  since  it  is 
only  when  the  acid  is  very  much  diluted  that  water  is  decomposed  at  the 
same  time.  (Faraday.) — Greater  intensity  of  the  electric  current  like- 
wise increases  the  quantity  of  oxygen  gas.  (Matteucci.) — When  the 
anode  consists  of  gold,  silver,  copper,  iron,  &c.,  a  chloride  of  the  metal  is 
formed — and,  unless  it  he  chloride  of  silver,  dissolves  iu  the  surrounding 
liquid. 

Paasive  iron  forming  the  anode  in  aqoeoiu  eolutions  of  hydrands, 
each  aa  hydrochloric  acid,  is  always  disaolved,  in  vbatever  manner  tbe 
eircmt  may  be  closed.  (Sch&nbein.) 

Anhydrons  Hydrofivorio  aeid  jnelde  hydrogen  gas  at  the  negative 
pole,  whilst  the  positive  platinum  wire  is  corroded  by  the  formation  of  a 
Dtown  enhetance,  probably  fluoride  of  platinwn.  (H.  Davy.) — The  fay- 
drated  acid  is  not  deconuKtsed,  only  the  water  with  which  it  is  nnited 
•uffering  decomposition.  ^Faraday.) 

Hydrated  Hydrocyanw  acid  gives  passage  to  tbe  eorrcnt  with  dlffl' 
cnlty)— more  readily  however  when  a  small  quantity  of  snlphurie  add  Is 
added  to  it   In  both  cases,  tbo  normal  qnabtity  ttf  hyw^gen  gai  is 
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obtstn&J  at  the  negative  pole,  whilst  cyanogen  diftsolvee  !□  the  li^niJ 
the  positive  pfile — as  waa  ibrmerly  Bhown  by  Gay-Lussac.  (Fandar.) 

Hydratcd  SulpAorijaHic  acid  and  Ferroc^anic  acid  behave  like  nyd 
cyanic  acid.  (Fnraclay.) — Sutpliooyinuo  aciil  accumulates  Dodccoai; 
at  the  pdsitivG  pole.  (Porret.) 

According  to  Faraday's  and  Mattaucci's  hypothesis,  the  hydracids 
directly  decornpose^l ;  hut  according  to  Connell,  it  is  ooJy  the  wat«r  mix 
with  thein  that  uuders  direct  decompusition.  the  oxygen  eeparaied  »t  ih» 
unode  eotnhlaing  wiLh  the  hydro^n  uf  the  acid  which  it  there  mutt* 
with,  and  setting  the  radical  free.  But  the  cxperimc'iiU  ou  wJiitfc  bl 
feunde  hi^j  opiaio^a  cire  by  no  luean^  mtidactory. 


lidfdlic  Sulphurtie,  Todidet,  Bromide*,  Cklofi^ft,  C^anidaa, 
cyaRidet  and  Ferroctfetnidtg^ 

Fused  Liver  of  Sttlphui-ywAAa  poU^aium  at  thec«tbode.  (Jaqaio,  <7 
28,338.) — Tho  ytlhw  SQlulion  of  tStrfpkiirtt  of  Potassium  (p.  375)  yicli 

?aantity  of  sulphur  at  the  anode  and  liydro'gen  pas  nt  the  < 
Faraday.) — ^Fused  Sulpkuret  of  Silviv  is  ileconiposed,  to  a  slight 
into  enlpbuT  at  the  positive  and  silver  at  the  negative  pqlo. 

Filled  Iodide  of  fofaitiwi,  or  lodidt  of  Lmd,  is  resolved  into  lodiof  at 
the  anode  nnd  metal  at  the  cathode. — Aqueous  solution  of  ioditl*  of 
taasium  yields  iodine  at  Ibo  anode,  potash  and  hydtogea  gas  ti 
cathode,  vialer  beitig  decotnpoj^ed  by  the  potn^ittni  th«r«  sftpuM 
(Faraday.)— Fa>ed  CIdoride  nf  Lead  yields  lead  nt  the  ciuhoda,  cklofios 
at  the  anode  :  when  the  latter  constats  of  gmpbite.  chlorine  is  art  ft 
but  when  it  ccvn^iats  of  platinum^  part  of  the  cldorine  cotDbinea  with 
platinum,  and  chbrido  of  platinum  beconied  mixed  with  the  rhlondo 
lead.  (Faraday.) — Fuaed  Proiochloride  of  Tin  is  resolved  intfi  niotalEic 
and  bichloride  of  tin,  the  latter  ea«iping  in  vapour.  (Fftmday.) — F 
Chloride  of  Sillier  U  resolved  into  silver  and  eblorine;  when  the  eloc 
are  formed  of  eilver,  the  anodo  loses  as  much  silver  as  the  cathode  gaiiu. 
and  no  chlorine  \it  evolved,  (Faradjiy.) — Fused  Prolvchlorid^  of  Mtrtvrj 
conducts,  and  ajipears  lo  lie  dcooinpoiied;  di»itiirblnt;  causes  are  howvnr 
present.  {Faraday.) — FnaeJ  Tfrchforidt  nf  Aiifiviony  couJurts  badJjr 
18  but  little  decomposed,  perhaps  only  on  acconiit  of  the  proseoev  «f> 
email  quantity  of  water.  (F^rttday.) 

Aqueous  Kolutton  nf  Sal-ammoniac  ia  resolved  Hito  cldonoe  at 
positive  and  hydro^n  gajs  and  ainmoniu  at  the  ne^fiitive  pcile.  IThil 
Accords  with  the  atnUioniuin  theory  of  BerKelius,  nccording  to  whicB  ail- 
atntnonliic  is  not  N  H\  H  CI,  but  N  H',  CI.    The  result  may,  ho^rev^^ 
be  explained  on  the  former  bypolhc»is;  supposing  nafnely  that  iIk  ci 
rent  dcconipo'+CM  hyilrochloric  &cid  into  hvdrogeo  at  (he  negitlv*  m 
chlorine  nt  the  pomtlve  polo,  and  that  the  ammonia  which  h&s  hcea 
deprivcfl  of      hydrochloric  acid,  h  ect  free  nt  the  ue;»atLTe  polo.]  Solo- 
tioa  of  ml-ninmnniiic!  with  silver  electrodes  gives  both  hydrogen  and 
exygeu  gitacn,  the  latter  however  not  in  sufficient  ijiianlity ;  th«  pordttn 
wire  hwuiiea  eovcred  with  chloride  of  silver,  and  the  li<|uid  tn  Cbo  mri^ 
bourhood  of  tho  ne^tive  pole  is  found  to  contain  free  ammonia.  W" 
iron  wires  are  employed,  ^jita  iw  evolved  only  nt  the  negative  wiro; 
gradually  liowovcL-  dimmijjhcs  in  ijuuntitv  as  the  wire  Iwooraca  oiivu 
with  crystalline  rcilnced  iron.    The  poHitive  wire  m  corroded  and  oxida 
vf  iron  separate.    The  liquid  on  the  negative  side  is  found  to  eoaUiD 
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atwxide  oE  iron  beaidea  sal-amnioDiac.  (Hiniager  St  Ber- 

Mtl  of  aal-amtnoTiiafl  be  wettod,  tbea  placed  upon  a  piefle 
connected  witli  t|ie  positWe  pole  t>E  tlie  battery,  niiil  filWJ 
'into  w!i]ch  the  pliLlluuni  wire  of  tbe  negative  polo  is  m:tde 
no  IS  ilevelopetl  at  tbe  positive  platinum  plale,  ami  tliO 
up  in  tbe  state  of  ammoniaca,!  amalgam  (Hg  +  N  H*)  to 
llginal  volume,  it5  vegetations  at  the  siime  time  peuotratiug 
Bnniac.    Wlicn  tho  circuit  is  broken,  tiie  nmD.lg&m  itn- 
1  together  in  tbe  form  of  litjaid  mercurj*.  (H.  Davy,  fft7&. 

Common  SnU  gives  clilorine  at  the  positive,  hydrogen  gas 
•  '  tbe  negative  pole.    Tbe  salt  is  probftbty  first  resolved  iuto 
](i  eodiutit,  and  tbe  Bodium  oxidized  by  tbe  water;  for  Tvhen 
consists  of  mercury,  aodiTim-amal^m  ia  obtained.  (Hi^gins 
iV.  EiFtn,  Phil.  J,  11,  31 4*) — Common  aaltj  iu  which  silver 
inmerscd,  evolvea  '^s  only  at  the  negative  wire  at  firwl,  but 
at  tbe  positive  wire  al&o:  tbe  latter  becoiU'es  coverfd  with 
'  silver;  tbe  liquid  etirrnundiug  it  containe  in  eolutiun  cblorino 
ipound  of  silver  uot  prccipitablo  by  rlilorine;  the  ]if|iiid  on  tbe 
•ide  containafree  s&da.— Wben  lead  wires  arc  used,  tb-o  nepttive 
*"iie  evolven  yns,  and  eubsequently  beconiea  covered  wiih  fine 
"f  lead;  the  poeitivo  wire  acquirea  a  coatini^'     chloride  of  lead. 
I  'ivBwire  foriried  of  iron  or  zinc  likewieo  evolves  no  gas,  but  dla- 

'  n  tbe  stato  of  tuelalliv  cbluridc,  from  wbich  a  film  of  oxide  ia 

'  Mniod  at  the  snrfnc^  uf  contoet  of  tiio  chloride  ffith  the  alkalino 

■.■ti  tbe  ne^itivc  eidp,  (Hisincor  Sc  Berzelius.) 
ElubuU  of  mercury  immersed  in  solution  of  CAior'J?  q/  Barimi  and 
rfed  wiib  the  negative  pole  of  a.  feebV  buttery,  forms  solid  vpjjeta- 
X  Lariuiu-ainalgani.  ^ HerscheU) — tn  solution  of  Chloride  of  t\flciiivi 
^.tive  wire  alouc  yields  gae,  and  becomes  covered,  first  with  a.  white 
ibcn  also  witb  needles  of  linio  (hydmto)  wbicb  first  dimtnialies  lEie 
ftion  of  ga*,  and  (hen  stops  it  altogether.    The  positive  wire  dissolves 
foride  of  iron,  and  the  solution  deposits  protoxide  of  iron  nt  tbe 
e  of  Contact  of  tbo  latter  vltb  tbe  calcareous  liquid.  {Hising^r  & 
i*.0iu3  ) 

From  a  soTution  of  Pi-ntochloride  of  Iron,  Llaclc  magnetic  oxide  of  iron 
ieposited  at  tbe  negntii  e  pule.  {H.  Davy, — according  to  Bccquerel,  it 
deposited  in  RmftU  graina.) — A  concentrated  tolotion  of  Cldoride  of 
•pper  or  CJiheide  of  Gold  in  water  gives,  when  subjected  to  a  feeble 
Icotric  current,  merely  metal  at  the  negntiv*  pole  without  any  byJrogea 
b:  the  giis  is  bowevor  evolved  from  a  dilute  sobitioD  when  actcil  upon 
a  strong  current.    Hence  it  appears  ibat  water  is  Iofs  dccouipoBible 
1011  tbeee  uietaliiccblorides, — nnd  tbe  order  of  decomfioBibitily  le:  iodido 
itaesluin,  bydrtodie  aeiil,  bydrocliloric  acid,  metalliu  chloridea,  water 
lalated  witb  sulpbtiric  aeid.  ^Mattoucci.) 

TroQ  noting  oa  anode  Iu  solutions  of  metallic  sulpburels,  iodides,  bro- 
^  isidea,  cbloi-idee,  and  fluvrldes,  dissolves,  even  wbcii  the  circuit  Is  not 
r     closed  before  tbe  (immersion  cf  Ibe  iron.  (Sclii'mbein.) 

*  Aflueows  solritions  uf  vietaUic  Ffiioridnt  are  decomposed  wilt  eepara- 

r  tion  of  lluorine  at  tbs  anode,  (Faraday,)  \\  ben  tbe  electrodes  arc  im- 
[  iiiersed  in  two  cups  of  tliior-apar,  filled  with  water  and  connected  by  fibres 
j     of  aAbrstus,  lime-watfr  is  found  after  two  days  in  tbe  ne  'p,  aoii 

^^lydrollnoric  acid  io  t(ie  poaitive  cup,  (II,  Davy,) 
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Aqueous  Eolution  of  Cyanide  0/  I*ofru»»Km  yiclrla  hydnigwi  mi 
potxslt  at  tEie  cathode:  no  oxygen  is  evolvej  Ht  tho  anode,  but  tliB  liqioi 
turns  bruwu.  Faseii  cyanide  of  potaesiuiii  U  likewiae  deeaaipiK«d.  £(Ji> 
tioDB  of  mintallic  ^'iulphocyamdet  and  F'erTOCfawidm  beliave  io  s  oikr 
manner.  (Faraday.) 

Alkaiis  end  Eariia. 

CoDcentrated  eolutioti  of  Ammmia  condnct«  oa  elowljr  ma  pun  vWr 
Iny  ttie  adiiitioo  of  a  eiuall  quanlLty  uf  sulphate  of  nmmonia.  h  u  rwiimj 
more  easiJy  deCompoBible.  In  (liis  case  it  yieWs  bj-drogt^n  ^nw  it  th 
G&tliude  eqaftl  in  qiifkUtjiy  to  tlial  collc«tcii  in  the  voltameter,  and  niur'^'n 
gas  at  die  anode,  frequeiitly  mixed  with  a  fiinall  and  rariabie  quantitr  d 
oxygon  ga9.  Hence  for  each  meaiaure  of  gas  at  tlie  anode,  three  or  fon 
meadurcG  ore  erolred  at  the  ciithode.  Wbeii  gotr]  electrode?  &re  UMd.  tkt 
positive  wire  disaolvea,  and  becomes  covered  with  amber-cotoarvd  faloi- 
nate  of  gotd,  whllBb  metallic  gold  U  deposited  on  ttie  negative  irii*. 
Concentrated  suliitiun  of  ADimonia,  with  iron  etectrodost  yieHls  brdnifw 
as  at  the  negative,  and  pure  nitrogen  at  tbe  positive  pnlc.  On  tuo  xhxri 
ay,  tbe  aiiodfl  lie^oa  to  acquire  a  coat  of  oxide.  ]f  tUo  amtnoiiiA  k 
ui]x«d  witli  tlirco  timcB  its  rolume  uf  water,  hydrogen  »nd  oxyvvo 
are  i^votved,  the  latter  however  in  ininallcr  quantity,  becaoso  t£»  iM 
suO'ers  corrosion.    (Hisin^er  &  UerzeliuA.) 

When  eulutton  of  auiniuuia  is  placed  in  a  tubo  orer  mcrcarj,  whsti  i« 
oonneeted  by  a  pladuuni  wire  with  tlie  negative  pole,  whi1«;t  tbe  frlali— 
wire  uf  the  pogilire  pole  dips  into  the  aminunia,  oxygen  'n  evolr«4M 
tbe  positivo  wire;  aud  tlie  mercury,  which  doca  not  at  first  erolr*  07 
gtw,  is  converted  into  a  thi^'kish  mass  of  amuioniacal  anialgatn  (a  cm- 
pound  of  mercury  with  N  H'),  wLieh  sprcada  out  ia  ve^retatiMu^ 
ewelld  up  to  six  tiinea  the  origiual  volume  of  tho  mercury..  As  aoM  a 
this  atiialgain  comes  in  coutuct  with  the  positive  wire,  it  ia  itnitHf 
decomposed  with  a  hiaaint;  uoise,  and  shriuka  uji,  theu  grows  up  af[%mWi 
it  reaches  the  positive  wire,  wli^n  it  ts  once  more  decomposed — wkI  w 
Ereakiog  the  circuit  likewise  decoinpoBee  the  amBlgaui  witb  Tialenl  ewta- 
tioQ  of  hydrogen  gas.    (RerEelius  &i  Pootin,  GUb.  36.  260  ) 

JIfjdrate  0/  I'vtan/if  slijithtly  uioUtenod  amil  subjected  to  tbe  SCtlaa 

Kwerful  battery,  yields  uxygeu  gaa  at  the  uhode,  iwU  At  tile  talkiii 
drogeii  ELtid  gita  and  fiOtii.-jaitini :  the  nietul  adheres  ih  |tl'<*tHilM  li  lb 
platitiUBn  wire,  aud  then  hums.  Hydrate  of  Sod4  behavev  ittBiiaftt 
manner.    (H.  Davy.) 

Moistened  /If/tirtite  of  Saryta,  Sttfiiitia.  Urmf,  or  Jifat/neain,  is  M|4r 
oompOised  l>y  the  eurrent  even  of  a  powerful  battery,  nnlcM  tl>e  Mtiosl* 
BHiBted  by  the  affinity  of  inerrury  for  the  meliil  contained  ia  ifcM 
bnsea.  But  if  cithej  of  these  hydratee  be  formed  into  a  ciip^  tbe  n» 
placed  on  a  plate  of  plntinum  vuich  servtSH  im  the  anodi^,  nnd  filled  «iB 
mercury,  and  the  platinum  i.viro  uf  the  negativo  pole  dipped  into  tbe  mt 
eury, — ^ao  amalgam  of  barium,  strontium,  oiilciuni,  or  tnagncwuM  tf  »^ 
taincd.  (H.  Davy.)  Tho  assertion  of  Troiummlorir  {d'Uh.  30,  930),  tbi 
by  means  of  a  buttery  of  forty  pairs  of  plates,  each  ei^bt  ioelraa  miM 
metal  may  be  Beparated  from  uydnile  of  harytn,  atrootm.  ur  lint^  Biy^a 
tho  iiitervQiitioEi  of  [nereury.  ujipears  doubtful,  iuaaniuch  tu  ihU  etf«et 
not  obtained  either  by  Davy,  Gay-Lufiaao  A  Thfraard,  or  jMi^ai*. 
tbetr  much  more  powerful  batteries. 

On  inttoduciug  a  soIutioD  of  pot»h,  baryta,  or  stroDlift.  into  lb 
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apparatus  described  on  page  451,  only  one-fourtb  of  an  atom  of  altall 
ia  carried  over  to  tlie  uegatiive  cell  for  every  atom  of  waler  iJecom- 
poscd.  (D^inell.)  Iron,  ncting'  a.fi  snode  in  ttcjiieoua  BoJaltun  of  pota^li 
does  not  t>xiJin.te,  but  liberates  all  ttie  orvgen  :La  gas,  evpn  when  it  is  im- 
mersed before  tbe  catbode.  (ScliiJnbein.)  Mstny  kinds  of  eaat  iron,  how- 
ever, although  part  of  tho  oxygen  is  evolved  on  tiietn  as  gases,  dissolve  in 
tlio  form  of  terrato  of  potasll.  (Po^geudortf.) 

Heavy  MetaUic  Oxidet. 

Fusfld  Protoxide  of  Lead  is  resolved  into  lead  at  the  cktbode  and  oxygen 
at  the  anode.  Fused  Oxide  of  Antimonj/  ia  at  first  easily  decompoeed, 
yielding  nntiinonv  at  the  cathode;  hut  the  oxygen  rfetiarateJ  at  tlie  auodo 
converts  (hu  oxido  oF  antimony  there  situated  into  infusible  antiuionic 
acid,  which  forms  an  insulating-  envelope  round  tba  auodo'^  and  gnidually 
stopa  the  current.  (Faraday.) 

Oxs/gensaU*  of  (he  Alkalit  and  Earths. 

An  electric  currCTit  decomposea  an  atom  of  an  oxyfrcn-sn!t  En  tlie  same 
time  as  it  decomposes  an  atom  of  water  or  chloridu  of  lend.  If,  for 
example,  fiulution  of  sidphate  of  aodtt  bo  iiitroduciDd  into  tbe  apparatus 
descriheil  on  pnge  451,  in  whiflh  it  h  ^icparated  by  Iwo  membnvnous  di^ph' 
ragniR  into  three  diviaionB,  into  the  two  out^nnoal  of  whtch  the  platinum] 
rleclrodea  of  a  Daniell's  eoustant  battery  are  made  to  dip,  and  tbc  <|iian< 
lilies  of  Ma  determined  which  are  evolved  at  the  elcrtrodcfi  and  in  an 
interposed  voltameter — the  6ods  aeparatod  in  the  negative  diivision,  and 
the  sulphuric  acid  Bet  free  in  the  poaitive  division,  being  also  e!4timaLedj 
— it  is  found  that  the  volume  of  detonating  g^s  Cfttleeted  in  the  voltameter 
18  equal  to  the  volume  of  hydrogen  obtained  in  the  negTilive  division, 
together  with  that  of  the  osygcn  evoWed  in  the  positive  diviaion, — and 
that  for  every  parts  (one  atom)  of  water  decompoBed  in  the  voltjimcter, 
32  par(9  (one  atom]  of  soda  areeet  free  in  tLo  negative,  and  40  parts  (one 
atom]  of  milphtiric  acid  in  the  positive  division,  {Similar  results  are 
ohtaincd  witli  eulphato  of  unnnouia,  fiulpliate  of  potash,  pho^phato  of 
Bfjda,  carbonate  of  potash  or  soda,  and  nitrate  of  potash,  exn^pting  that 
in  the  last  case  ammonia  is  likewifo  formed-]  If,  instead  of  a  vollamoter, 
a  tube  containing  fused  cblorido  of  lead  be  introduced  into  the  circuit,  tho 
cathodo  being  formed  of  a  platinum  wire,  fused  into  tho  bottom  of  tho 
tube,  whilst  a  picco  of  graphite  dips  into  tho  upper  part  to  form  the 
iinode, — an  atom  of  lead  is  deposited  on  the  platinum  for  every  atom  of 
sulphate  of  aoda  (snl-:)mmoniai:  or  common  salt)  deoompoised.  These 
e«peHmet]ta  are  fiivonruble  to  tbc  smppoaition  that  the  oiygen-salts  should 
lie  regarded  aa  coniponnda  of  metal>j  with  so-callod  sal t-mdicals, — e.g., 
Bntpliate  of  soda  not  aa  Na  O,  SO',  hut  ae  Na  S  0* — and  that  tho  «iTue 
q^nantity  of  electricity  which  serves  to  aepamte  an  atom  cf  oxygen,  chlo- 
rine, or  iodine,  from  an  atom  of  hydrogen,  or  a  metal,  is  tikowtse  exactly 
sufficient  to  separate  an  atom  of  S  0^  or  any  other  coniponnd  flaJt-radical 
from  an  atom  of  metal.  (Daniell.) — Matteucei  (Ann,  Chitn.  Phys.  74,  99) 
obtained  tho  same  results  by  euhjecting  other  salts  to  Eimilar  treatments 
For  every  atom  of  water  decomposed  cn  the  voltameter,  he  obtained  frotn 
the  ealine  aolntion  1  atom  of  hydrogen  gae,  1  atom  of  oitygen,  I  atom  of 
baso,  and  1  atom  of  acid. — Such  was  the  case  with  aufphate  of  magnesia, 
excepting  that  there  was  a  deficiency  of  -Jg  in  the  magnesia  separated, — 
with  benjioate  of  potash,  in  whicli  case  tbe  separated  acid,  hQv%1i,^sQ^ 
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eli^ktly  Bolublsr  coutd  be  dir^tly  wciglieij;— wiLfa  1>ensOJU9  of  lime,  m 
whicb  case  the  linie  also  Could  be  weigbed; — and  wilh  benznxtc  of  tivc,  ii 
the  case  of  wbicb,  the  benzciic  acid  rihd  the  metallic  :cinc  wm  wei^boj, 
Atid  no  cvolatiob  uf  hydmgen  ^as  took  place.  gam 
[The  thoury  which  regards  sulphate  of  soda  as  Nn  B  0*  rertufll 
affords  the  simplest  explanation  of  its  plectroly^iis.     Sm«,  howencE,  mKj 
^vetghty  reiLsons  may  be  urged  against  tko  adoptioD  uf  Ibis  hypotfaMi, 
the  hlhvrine  explanation  may  for  the  present  be  admitted.    8u)pbftte  <i 
soda  is  Na  0.  S  O'j  decompoBition  by  the  electric  cui-rent  ie  ei^ertc*!  anh 
on  tbe  soda  (since,  by  Fiiraday'B  la'w,  S  0*  ifl  iiicaijablo  of  ilirc«t  dwon- 
potiitioi)).    Bodiiim  separates  nt  tlic  negative  pole^  whei-e  it  d^coinivM 
water  and  yieldi  soda  and  hydrogeu  gita.    The  oxygen  wbicb  com- 
bined with  the.?Ddiijjn  is  triineferred,  together  with  the  sulphnric  wid,tti  tW 
adjacent  atom  of  sodium.  A  u  atom  of  oxygen  is  set  free  at  Ciic  positive  pole: 
aud  since  the  sodium  which  wa.s  combined  with  it  gooa  towards  the  nre»- 
tivc  pole,  the  sulphuric  acid  is  set  free  by  secondary  action,— or  ralier  ii 
]iai;ees  from  iU  elate  of  combination  with  soda  iutu  that  uf  comhiiuliTiti 
with  water.    In  the  ca»e  of  sulphate  of  copper,  t^Cf  ttimilar  actions 
j»Ia«e,  excepting  that  the  metal  liberated  by  the  current  does  not  dwa» 
poae  water.    The  decojiipdsitiuci  of  oxygen-ao Its  of  amnionia.  is  motrt 
f:ictorj]y  esplftined  by  adopting  the  flmmoninTW  theory  of  Bcrreling,  vxcri- 
ing  to  which,  sulphate  of  nnimo'nia.,  for  Qxample,  which  alwaya  cotitiHi 
water,  is  to  be  regarded  as  sulphut?'  of  oxide  oC  ammoniutii  (N  H'  (>,  jJO*^ 
The  electric  current  deconipoeca  the  oxido  of  animoniurn,  jui-t  a»  it  dcWA 
metallic  oxide,  into  oxygen  and  aiuntoniun],  and  the  tatter  is  meint 
into  hydrogen  gns  which  escape-s  and  atTiinonSa,  which  ronia-inB  in  «b- 
tion. — According  to  this  view,  the  direct  action  of  tbo  electric  curmt 
is  confined  to  tbe  decomposition  of  metallic  osides,  and  the  trsDsfervscr  if 
the  acid  from  the  ilecoutfiotiiiig  oxide  to  the  wat^r  is  nierrly  %  consct^snxt 
of  this  action.    (Hcss's  Observations  on  Danielle  Theory — witi,  p 
5%,  505,)]. 

When  two  saltfi,  which  do  not  precipitate  eacli  other,  are  JmhI 
together  in  water,  their  acids  are  simultaneously  tranaferretl  to  tbo  poti'' 
and  their  hasea  to  the  negative  pole.    (H.  Davy.) 

Iron  acting  na  anode  in  aqtieous  solutions  of  oxygen-a«1tB,  erwfm 
oxygen  gas,  just  as  platinum  does,  without  oxidnting — ^even  wbeQ  it  » 
immersed  in  the  lii[uid  before  the  ret^t  of  the  circuit  is  cIluhvJ,  (^icW 
li«iu.] 

A  iDoietoned  cup  of  Carbonaie of  jimmnnin,  filled  witit  raen^urv,  yi41i 
ammouincal  anmlgBm,  just  as  Bal-ammoniac  dues  (p.  456).  (Sewbrcl:  M 
Geki.  5,  4S2,  H.  Davy.) 

Fused  Bora?:  (Na  0,  2  B  0')  yields  oxygen  gns  at  tbo  Buode 
at  the  cathode.    Now,  etuce  fns^d  boraclc  acid     not  dcct»iup<mM«  1>? 
electric  current,  the  eepamtion  of  the  boron  mart  b^  attributr<)  to  ic^irfd 

Action;  the  current  r?«olres  the  £oda  into  uxvgen  a.i)d  tMiditim  umI  tU 

latter  separates  boron  from  the  boracic  acid,  {Farsdny.) — FD»d  QmyUi 
borate  of  Sod-t  (Na  O,  4  B  O")  conduct^!  and  shows  «igii&  of  derompoiMi*, 
but  evolves  gajji  at  both  pole^i;  it  therefore  containv  wntpr.  (Faraiday.l 
Fused  Bor.-rfi;  of  Lfid  ik  ciuttly  decomposed,  yielding  OXygm  gt»  wi 
metallic  load.  ^Faratlay,) 

The  electric  current  reeolrea  ordinary  Phowpholt  tif  Sctfn  in  m  ttaitt  •/ 
tulution  into  BOdn  and  phosphoric  acid.  <D«vy.>    Fused  Aeut  Pi 

iS'orfd  (Na  0,  P  O')  conducts  and  u  decomposed;  bydlogen  fv, 
«v0r,  appears  at  iho  c&CbodD,  showing  that  water  \a  prweol,  (PanHbvX 
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AquQflOa  solotion  of  Borata  or  Pliosphale  of  Ammonia  yieliU,  wlioii  iron 
wirea  arc  used,  less  cnygoH  gas  »t  tbe  iiositivo  pole  tli:ia  is  roijuireil  to 
saturate  the  hydrngen  evolv&d  at  the  negAtivc  pole;  and  the  )>(i6itive  wire 
becomes  coated  with  white  borate  or  pliosphtite  of  protoxide  of  iron. 
(Iliaiuger  &  Berzelius.) 

Sni/ikate  of  Ammotiia,  Putaek^  or  S^j^jt,  dissolved  in  ivater^  ia  decom- 
posed hy  tlie  current — acid  und  oxygen  appearing  at  the  anode^  alkali  and 
Lydrogen  at  the  cathode.    (H.  Davy.) 

Aqueoiia  eolution  of  Sulpha^  of  Ammo7ua,  in  which  iron  wircj)  are 
used  an  the  potea.  gives  hydrogen  gaa  and  free  ammonifk  ikt  the  tie^rative 
pole;  at  the  positiro  pule  it  yields  oxygen  gas — whieh  \s  not  evolved  till 
the  experiment  lias  gone  on  for  eorae  time — and  peranlphate  of  iron.  (Hi- 
sinser  &  RerzeiiuH.) — Ar]ueuu8  soliitinn  of  I^etitral  iiulpfiaif  of  Potash 

?'\eide,  with  gohl  wlros,  au  acid  lii[iiid  in  the  poaitive,  and  an  alkaline 
iqiiid  in  the  negative  side  of  tliQ  U-tuhe;  these  ivhcn  mixed  tugethei  |jro- 
Juce  11  pflifeetly  neutril  solution. — When  lead  wires  are  employed,  an  lu- 
aulBcietot  •|iia,iitity  of  oxygen  gas  is  evolvedj  her-iiuse  a  ijiiantity  of  peroxldfl 
of  lead  is  produced,  When  iron  wires  Jiro  used,  tllC  ijuiinLity  ol  oxygen 
fict  free  i§  likowi^o  deficieiit,  and,  instead  of  it,  a  solution  of  protosuU 
}>hato  of  iron  is  formed.— When  the  poaitive  wire  culjsiHta  of  Jtinc,  no 
oxygen  gas  i.s  evolved  npon  it;  hut  it  dissylves  mid  forma  sulphate  of  zino, 
'which,  where  it  cunies  in  cnuLact  with  the  negative  alkiUine  liijaid,  depo- 
sits a  liiytiP  of  oxide  of  zinc.    (Hisiuger  &  BerKeliiia.) 

hisulphate  of  Potanh  (K  O,  S  0=*  +  H  0,  S  0^)  is  decompoaible.  {Ka- 
rad.tv.J  When  (he  solution  of  this  salt  is  deconiposed  In  Ihe  njinaratiis 
descTibcd  fp,  431),  there  ia  obtained  for  ovcry  9  parts  (I  aiuiii)  ui  water 
tIceompiJiHed  IS  parts  atom)  mure  of  sulphuric  aoid,  and  il'!'  parts 
(j  :Uoin)  lesa  of  potash;  and  in  the  negative  cell,  Ul  parts  Iciia  of  sulphuric 
ai'jd  and  H'D  parts  more  of  pota-ah.  In  ihis  case,  the  aetion  of  the  current 
dividce  itself  between  K  S  0^  on  the  one  Imnd,  atid  H  O,  S  0^  on  the 
other.  (Duniell,) 

On  filling  two  cupa  of  ITmvi/  Spar  (Bulphalo  of  baryta)  with  water, 
connecting  thcni  hy  fibres  of  ashc^^tus,  and  dipping  into  each  of  them  one 
of  the  polar  wirea  of  a  battery  of  350  paEra  of  jtlatea,  a  diKtiiirt  traee  of 
eulpliiirie  ai-id  is  found  after  four  daya  iu  the  positive  cup,  and  of  baryta- 
water,  together  with  cnrbonato  of  baryta  in  the  negative  cup. — Wiih  eups 
of  CWe->-;i/i  (sniphatc  of  etrontia).  tlie  decomposilioo  takes  place  mora 

3uickly,  and  with  cups  uf  Uiipsum  atili  uiore  quickly.  (H.  Davy.)  [The 
econiposibility  of  these  bodiea  inoreaecs,  therefore,  iu  the  eaiue  order  ae 
their  solubility.] 

When  moistened  Siitphute  nf  ^faffnfiia  is  formed  into  a  cnp.  and  tfie 
cup,  with  nuercury  in  it,  arranged  in  the  manner  described  on  page  458, 
amalgam  of  magaesium  is  obtained  more  readily  than  froni  moistened 
niigrtosiii.    (H.  Uavy.) 

The  elertrle  ourtcnt  deMni])o.tioB  Alum  dissolved  in  water.  (H.  Davy.) 

NilrwUf  tff  Atnmoulu,  in  tho  fuaed  slJite,  yields  hydrogen  gaa  mixed 
with  a  little  nilrogen  at  the  ralhofle.  In  the'  state  ot  solutimi,  it  yields 
oxygen  g:Ls  at  the  anode,  aijd  hydrogen  at  the  cdthode,  the  latter  aonie- 
tiraes  mixed  with  a  sniaU  tpiantity  of  nitrogen.  (Farailay.)  In  aqueous 
Bolutiou  of  nitrate  of  ammonia,  the  poaitive  iron  wire  eTotves  oiygen  ga«, 
bocomea  oxidized,  and  likewise  dissolves;  the  negative  wire  evolve.B  no 
gas  and  ammonia  acfiumnlates  around  it.    {Hi.^inger  &  Borzelius.) 

Nitrale  »/  P<jtafh  dissolved  in  water  eonductu  very  well,  yielding 
sometimes  the  normal  qnantiity  of  hydrogen,  eomolimes  lesa:  aometimea. 
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pniht  «f  tarnfi^  abovt  the  cnmhtatcion  of  the  i«u  elrctric  finids.     But  ir«hs 
mK<W  to  <wtMn  ih«  polti.       ve  at  the  huc  daw  Ura>-hed  by  >  pM>d  tfuadwtar 
mQni'.'vilRg  with  ibe  (nrand,  this  »adutor  rnDom  the  eltvtHdtj  of  mIi. 
whfla  d»t  of  th#  otWr  wpfcii  —  jKUMhrf.    /WtM  ra^obD- CMbcfm  (iw  llw 
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Avcton—S'tfatifi  l\ifmiar  ConJmrton  (lolid  alkaline  soap,  dried  whiu  a 
^^(Milrarf.  roinmunii^aw  ncfadre  eleetncttr  ftodrr  ih?  mjdv  ctrciiMatancw.  [IV 
Igf  thia  Itmiliar  prripcrt^  in  Map  hu  bfea  aplainrd  above;  timilar  ewa  an 
'  I  otb«r  aubataaon  in  wbkfa      auBc  1:.- i^n---- 
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litiotl  of  atoBu  it)  Uie  lt(ji)i<]9  of  tbe  bcnly  «itiiat4<J  lietwtwn  tli«  el&otroite«; 
AD<1  siiLoe  in  p&rticiilar  urgmiii,  salts  m*y  X\ius  produce*!  difTerent  froiq 
those  jiroviously  existing,  Lbe  result  uf  the  action  luay  be  irritAiinn. 
Tlie  first  of  tlieaci  nioil«9  of  action  is  most  conapiciioii*  in  electricity  of 
great  inUinHity,  like  that  of  the  inacliinc, — the  second  in  gnlvatiic  eleo- 
tricity:  and  hence,  perhikp>i,  f>artly  arises  the  difference  Irt'tweon  the  seii- 
eatioriA  prtMluoed  by  theao  two  kinda  of  electricity.  Even  ft  single  pair  of 
Bifitallio  platee  (connected  with  each  other,  and  with  diiferent  parts  of  the 
bcnly,  must  produce  tranapositLoii  of  atoin^  and  change  of  compoaition— 
bad  this  is  the  principal  cause  of  tho  phenomena  observed  by  Galvani 
and  Iluiulioldt. 

OxyfftTI-Salls  of  Beavf  Metallic  Oxidet. 

The  coEopoaada  of  uzy^s-Wtds  Avith  heavy  metallic  oxides  Qsually 
give  acid  and  oxygen  nt  anode,  and  reduced  metal  at  the  cathode*, 
~—Vio  evolutioti  yf  liydrogen  taking  place,  excepliuy  wL4;n  the  electric  Lur- 
i4ut  is  too  $trnii<,%  and  itti  action  \a  partly  exerted  ob  tbe  water.  In  the 
case  cf  some  melallic  salts  (those  uf  tnatijLfttUew,  le&d,  and  silver),  th« 
oxygen  liberated  at  the  positive  pole  combines  with  the  niotalllo  uxide 
there  situated,  and  forms  with  it  a  peroxide  which  is  precipitat«Hl[.  If  the 
eleetroiles  are  forDued  of  the  eainc  metal  m  that  contained  in  the  solutioD, 
the  acid  and  oxygen  whieh  collect  at  the  anode  reeorer  hy  dissolving  it 
the  metal  which  they  have  lost,  and  reproduce  the  original  salt;  thus  tha 
liquid  rutriAius  unaltered,  nitd  the  tm^ide  merely  loses  n  qnantity  of  metal 
o^ual  to  that  which  is  r«du(^l  at  the  cathode. 

Halii  fi/  Maufjamse  deposit  peroxide  «.t  the  positive  pole.  (Balard.) 

Sulphalf  of  Zinc  iWe^aWeA  iu  water  yichU  Einu  at  the  negativa  pole, 
ill  the  form  of  a  jtowder  p^jsaossin^  the  inutallie  lustre. 

Fneod  Boratt  of  Lead  yivldn  luud  at  the  oatbode,  oxygeo  aad  borocia 
acid  at  the  anode.  (H.  Davy.) 

A(|ueoLiii«  solutioQ  of  Aiti'ate  or  Awiait  of  L*a4  yields  lead  at  the  ncgn- 
tivfl  pcde,  and  brown  [►eroxido  of  Jead  at  tlio  positive  pol*.  (Faraday.) — 
H  a  voltnniGter  he  iutruducitiL  into  tho  circuit,  it  h  fuuud  that  tlic  volunio 
of  oxygen  gas  uvoivctl  at  tlu*  unode  from  solution  uf  ncctiite  of  k'ad 
amounts  to  only  -('(,  of  the  delonaling  jraa  collected  ia  the  voltameter, — 
hemuso  the  ^rcatur  part  of  the  oxygeo  l4  expended  in  fomiinj;  the 
peroxide  ef  tml,  Iho  quantity  of  wlkicb  is  to  tbiLt  of  the  tend  s^>paratej 
at  the  ualhode  ae  5  :  ."J  [H. — When  the  current  is  passtnl  throupb  aoetAto 
of  lead  which  has  ticen  di.>hvdrated  and  thoii  (ueod,  peroxide  of  lead  ia 
likewigo  produced  &t  the  anode,  accompanied  by  a  ^tliifht  evolution  of 
oiVEen:  for  every  ii  purtu  (1  iklooi)  of  water  deeoiopfispd  in  the  volta- 
meter there  U  obtained  at  the  cathode  parts  (I  atom)  of  lead,  auJ 
the  weight  of  this  load  ia  to  that  of  the  peroxide  produced  sia  3  ;  5  [I] 
(Matteurri,  Ani-i.  Chini.  /'At/*.  71,  CO.) 

From  a  solution  of  Pn>tit»ulphate  of  /rnti,  acted  upon  by  a  battery  of 
lOU  pairs,  metallic  iron  U  de^MMsited  i»  saiiall  granules  ou  the  poailivt  phb- 
tinum  wire.  (Becquerel.) 

lu  HolutioB  oS  Sulj'fuUe  o/ Copptr,  (be  iiefi;ative  platinnm  viro  beeome« 
coveted  with  copper,,  while  acid  collects  and  oxy^^n  gaa  is  evolved  at  the 
positive  wire.  When  copper  wlrea  are  used,  the  positivo  wira  loses  as 
much  iiictttl  as  the  negalivo  wire  gaiLia,  and  the  solution  retains  itn 
original  compoBition, 

When  active  iron  fortiis  the  aQode  iu  solution  of  sulphate  of  'Ooppar,  it 
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Atulra  vil^Mk       flufpcr  Wtu  deposited  an  it; — bal  wlicB  Ai da« 
Ictfaa,  tl*  diyaaliaB  takai  jSmtm  immedintviy.    A  pusivv  trmvai 
•dag  M  ammie^  aad  mmdt  lo  nmplete  the  circuit  hy  its  unnewc 
■filWr  atamctm  «iffv  mt  diiMlTH,  bat  erolve«  onygtn  gac  (Seii» 

6tlMtiia«f  JTitnMk^AilMr  JmeitesilTer  on  tlic  nf ^itire  plitim 
wl  mattUuel  peraxide  of  direr  on  the  jiof^itive  wire.  fljUr, 
BflifaBi,&hp.  13,  414  ) — In  foaed  nitntc  of  silver,  tbe  anodr  t^nii 
kfgB  iTi"**!y  of  b^^eo  ffu^  vbile  tbc  cathode  i>ooom«  eovrred  nl 
•M  BtM  if  «hr«r  for  trtrj  atov  of  water  ilecompoeed  in  tbc  relfiir 
TW  iBtoi  whtioa  beiiaTes  in  ibe  sime  Dmiinfr,  erolvin;?  nxj^it 
tbe  tmait;  Wl  it  likewise  deposiis  peroxide.  (Matteiicci.)— Iron  vix 
•ctiBg  —Jo  doM  BOi  oxidiw,  but  liWrales  oxyg:en  gas. — and  wbia  ^ 
MRcat  ia  stmag,  beooom  covered  witli  peroxide  of  eitrer.  (Poiya^ 
J^tpL  54,  35T-)^— SimikriT,  pa$;iv«  iron  acting  as  anode  beconM 
widi  pcnowle  of  Bilrer.  (Sebaobein  ) 

JToUKt  £imy*.    Wben  one  of  tbe  ele<:trodea  coDsi^  of  a  pbif 
paG^ed  Mtal,  the  otiier  of  a  £nc  platinum  wire,  tbe  extremifr 
■ffnacbc*  tbe  jJate  witbin  about  half  a  line,  tWrc  in  often  [ 
tbat  part  of  tbe  plate  wfaicfa  is  im mediately  an<l«r  lUe  ifiri'. 
riif  or  poiat  smronnJed  witt  eeveml,  often  four,  coui'tfiitri^  >.•■■ 
nigt.    T1»aa  a  silver  plat?  forming  Ihe  anode  [iroilucfis  ci  l'^nrt'  I  ir  . 
■alatiniit  Tif  f  hirnrlr ri "  arid,  carbonate  of  potasb,  :«iir|i'!i 

wm"'  chloHde  of  potassium  or  »odmm  (in  n-Iiicb  ■  

tia^  are  likewise  fomicd  on  i«»pf>er  and  hraas,  but  not  on  xinr 
feBoi},  tartar  emetic,  sulphate  of  kidc,  chloride  of  cubalt,  »tul}ilMi' 
or  acetate  of  copper,  eblorii^^  of  platitiuni,  &(.-.    Solutions  of  - 
MangafteSe,  nittaleof  biamath,  and  acetate  of  lead,  lilcDwisc*  fn: : 
tiaga  on  pUUA  of  ^)d  or  plaiinuui.    A  eilvcr  plute  Ijlcewi- 
tui  ail  il  upon  it  vben  it  eerrcs  as  ihc  ^atliude  ia  solutions  of  Iuu^lt  ^i^-'- 
lalts  i>f  ropper.  or  cbloride  of  platinum.  (N^iibiti.) 

[Tbftse  {phenomena  belong  to  ihe  theory  of  Newton's  Coloared  Rnpt,— 
aad,  aceordin^  to  Faraday,  Warington,  and  ScLtlnbcin,  nriee  fron  ^ 
dueU  of  deeutupOAitien  deposited  on  the  metalUi:  plat«  in  filnu  oTnnM 
thiclcneas,  TIm^  prodacts  of  dccompoisitioD  are  iimnetiiues  fumud  ta'r 
from  tbe  liquid ;  tbaa,  salts  of  inuDganeeo  depoi^it  peroxide  of  niinrni 
— salts  of  lead  ]H>roxido  of  lead, — and  salts  tyf  bismulb  probably  atpa< 
peroxide  of  Iji^mnth;  and  tlie^  dt^positij  form  colour&d  rioga  cm  afcaa** 
gold  and  ptatinnni. — Sumotintos  the  deiio-'-it^  arise  from  the  MBMatat 
of  a  subsLance  f<epnrated  from  tLe  liquid  with  the  tnetal  of  tbe  plate  ;tlai, 
metallic  cbloriiles  form  on  silver  or  copper  insolnblo  cblorida  of  lilficir 
dichlorinJe  of  copperj  and  ibo  oxygen  ncida  or  tboir  eaJta  probably  !■(■ 
pcroxiiie  of  silver  on  silver  nlates. — WLicn  tLe  inlver  nets  jw  ifathA;  A' 
ring^  are  formed  by  films  Of  tliC  prct-ipilated  metal  of  dilTeivat  dcfim' 
lliirkoe&s.] 

TIjo  ring:''  produced  l>y  acetate  nf  load  pxliibit,  on  cbomieKl  aBaljW 
(lie  reaction^  ofjieruxide  of  K^tid.    Iodine  in  a  stale  of  BublimaiioB  ft^ 
"    aaine  colours  on  plates  of  silver  or  copper ;  tbej  ai«  lifci 
by  any  tiietal  vvhirli  when  heated  in  tbo  air  b«ooBM 
*  of  oxide  continually  increasing  in  tbiclcDOfis.  fWi 
J.  Ifi,  ^2.) 

we  oxidahic  metnl^,  when  us«d  se  onodea  in  nitxata  or 
I  not  allow  of  tii«>  fornintioii  of  peroxide  of  laad;  irau 
txeeptiou,  becAUfte  it  soon  pa£^  into  tbe  pMalve  ateta:  an  in* 
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win  under  these  dionnutaneea  quickly  and  repeatedly  becomes  red,  blue, 
yellow,  red,  bine,  yellow,  &o.  The  colour,  however,  becomes  deeper  every 
time,  and  at  last  so  deep  that  the  different  tints  cannot  be  distinguished. 
(Sdioobein.) 

To  form  a  Nobili's  monocbromatio  depoeit  on  platinum,  the  following 
Mlations  may  be  used;  Chloride  of  manganese  in  8  partsof  water,aalphate 
of  maoganeee  and  potash  in  12,  acetate  of  manganese  in  15,  sttcciaate  of 
manganese  in  16,  or  bippnrate  of  manganeee  in  12  parts  of  water.  A 
well-poliebed  platinum  capsule  is  filled  with  one  of  these  solutions,  and 
connected  witn  the  positive  pole  of  a  battery  of  4  pairs  of  plates  (each 
plate  36  square  inches  in  sumce),  immersed  in  dilate  solphuric  acid  ^if  a 
stronger  battery  ia  used  the  solution  of  the  salt  must  be  more  dilute);  a 
disk  of  platinum  |  of  an  inch  in  diameter  is  then  dipped  horizontally  into 
the  liquid  to  form  the  cathode.  With  sulphate  of  manganese  and  potash, 
or  with  succinate  or  acetate  of  manganese,  one  anifonn  tint  is  invariably 
produced,  first  golden  yellow,  then  poiple,  then  ^reen ;  the  current  must 
therefore  be  stopped  as  soon  as  the  desired  tint  is  completely  developed. 
With  hipporate  of  manganese  the  capeule  is  first  tinted  golden  yellow, 
then  of  a  splendid  blnish  purple  red.  Chloride  of  manganese  yiel^  very 
bMUtifid  broad  alternating  rings  of  purple  green,  golden  yellow,  and  bine, 
nrroanded  by  a  broad  belt  of  solden  yellow.  (R.  BOttger,  Pogg.  60,  45.) 

Nobili's  nogs  may  also  be  formed  by  a  simple  galvanic  nrcuit  When 
a  plate  of  silver  immersed  in  a  solution  of  sulphate  of  oopper  ia  tonehed 
vitk  the  pointed  extremity  of  a  piece  of  zinc,  »iere  are  formed  round  the 
point  of  contact  a  number  of  blue  and  green  rings,  which,  when  the  zino 
IS  removed,  run  through  several  changes  of  colour,  finally  becoming  dark 
blue  and  lightish  green. — In  the  colourless  copper  solution  formed  by 
leaving  copper  filings  in  contact  with  a  saturated  solution  of  sal-ammoniac 
in  a  closed  vessel  containing  air, — silver  or  platinum  becomes  covered 
with  oom>er,  if  it  be  touched  %elow  the  sur&ce  of  the  liquid  with  a  pointed 
piece  of^zinc; — but  when  the  zinc  is  removed,  the  coating  of  copper 
gradually  disappears,  the  action  commencing  from  the  outside  (where  the 
coating  is  thinnest)  and  proceeding  towards  the  middle.  (Fechner,  Sehw. 
55,  442.)  If  however  the  platinum  thus  covered  with  copper  be  immedi- 
ately dipped  into  water,  so  as  to  remove  the  ammoniacal  liquid  by  which 
it  would  be  redissolved,  the  coppering  remains  permanent ;  and  if  the  zino 
b«  left  tat  a  longer  time,  about  two  mioutes,  in  contact  with  the  platinum  in 
Uie  ammoniacal  solution  of  copper,  until  it  evolves  gaa  and  precipitates 
oopper  of  a  black  colour,  the  platinum  loses  its  thin  coating  of  copper  and 
beoomes  tinted  with  varions  ahades  of  yellow,  green,  nd,  and  eapeoially 
black,  wkidi  latter  oolonr  it  tJien  retains  after  drying.  (R.  Biittger,  J.  pr. 
CSft«m.  8, 476.) 

(For  the  decomposition  of  ammo  compounds  by  the  electric  current, 
vitf.  Oxalic  acid.  Tartaric  acid.  Acetic  aoio,  Wood-apirit,  AloiAol,  Ether, 
and  the  Organic  Basea.) 


Decomposition  of  several  Liquids  in  Contact  with  one  another. 

When  the  electric  current  has  to  traveree  a  number  of  liquids  [or  to 
effect  a  transportation  of  atoms  in  them]  which  are  either  in  immediate 
'  contact  or  separated  &om  one  anotiier  by  a  porauebody,  it  at  first  depoaiti 
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of  tte  obserrer  is  given. — c  denotes  the  middle  vessel  occurring  in  Hevaral 
arrangcDieut?,  and  tho  litniid  L*r>QtaineiL  in  Et. 
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1.  Th&  bydrofiien  difEM-tly  apparated  at  the  negative  pole  from  tbo 
water  of  the  oil  of  vitriol  combiner,  aeconling  to  Fnndjiy's  view,  with  the 
oxygen  of  tlie  siilplmric  acid,  and  precipitalee  of  eulpliur. 

2.  At  Srst,  iiyilruoLloric  or  fiydriodic  acid  collects  iu  thtx  positive 
diviaion,  free  cbluriuQ  ur  ioditio  sliowing  itaelf  only  wLon  tho  current  has 
coDtinued  for  a  very  long  time.  Hence  tlic  hydrogen-acids  do  not  ajijmar 
to  be  directly  decfjmposed,  (Connell.)  [Thra  is  a.  c^inclusion  wjiich,  ac- 
cording tg  wlsjvt  lias  been  already  observed  (p.  456),  we  »re  not  obliged  to 
Admit.] 

3.  Ill  these  CMftg,  also,  hydrochloric  or  bydriodic  acid  colltcta  io  tha 
posltivt^  cujij  but  DO  free  chlorine  or  irwlinc.  (Cnnuell.) 

4.  When  the  current  hiis  hucn  eonlinued  for  a,  ccrtaiB  time,  all  Ilio 
potoab  ia  found  in  the  ncpitive,  and  all  the  acid  in  the  positive  cop. 
Utfaor  aaits  uf  the  tilkalis  Ukciwiso  beharo  with  water  in  tbe  aame  manner 
na  sulphate  nf  potash.  If,  therefore,  the  poaitive  cup  contains  water 
coloured  with  litmus,  and  the  negative  cup  water  cokured  witli  turmeric, 
both  litpiids  betinnc  rcddt'iipdj  hccauBe  ncid  ia  Iransfcrrpd  to  the  positive 
and  alkali  to  tlie  negative  jtole,  from  tlia  salts  cont:iined  in  these  colonr- 
iog  matters.  Tlie  greater  the  length  of  the  aebeaiua  fibres,  or  tho  disiance 
between  the  positive  and  negative  wire,  the  more  slowly  does  the  trans- 
fbronce  of  acid  and  alkali  lake  place.  Thus,  with  a  battery  of  100  pairs, 
Qji\y  five  Hijjiutes  elapBO  bpfgro  the  ajipearancw  of  aciil  in  the  tiositive  vnp, 
whaa  the  distance  between  the  polar  wires  ia  only  an  itich;  liul  fourtean 
boars  are  required  when  the  distance  amotints  to  8  iocbes,— (he  positive 
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water,  is  precipitated.]    So  likewise  it  was  focnd  l<y  Sir  H.  Ddvy  tbat 
wbea  the  positive  cup  {App.  2)  coDtaitis  nitrate  of  eilror,  aTid  the  negi 
tive  cup  water,  metalliv  silver  is  iWpo^iied  aJong  tie  whole  length  of  the 
beatus  iilirea. 

8.  Hisinc;er  &  BerKeiius  employed  in  their  experiments  the  U-tube, 
e  opeti  ends  of  wtiicJi  were  turned  downwsrJs  and  c]o§cd  wilt  stoppers 

ough  wliicb  tbe  polai-  witea  passed;   thfc  Wnd  of  the  tube  bad  an 
pening  for  the  purpose  of  collecting  the  gas  which  arDefi.    Bat  this  eVo 
tiou  of  gaa  niuat  bave  CAtiacd  Ihp  lii^iiids  tw  rail. 

9.  No  copper  reaches  the  negnttve  wire,  heeause  it  ia  not  fiolublo  in 
ater.  (Becquerel.) 

10.  At  tlie  beginning,  crystals  of  amlpbafe  of  copper  and  potash 
deposited  ill  the  negative  tuhCf  F>ecaiise  potash  gets  into  it:  these, 

owevcr,  are  destmyt'd  as  booh  aa  the  nitrato  of  potash  ia  completely 
ecoTuposed,  and  ihea  eulphurEo  acid  collects  in  tbe  poaitire  tube.  (Eec- 
uerel.) 

11.  The  heavier  copper  solutioii  likewise  filled  a  portion  of  tbe  negor 
Ve  arm;  after  twenty-four  hours  action  of  a  twelve-pair  battery,  not  a 

of  chlorine       fouud  in  tbe  lii^uid  of  the  positive  arm,  and  but  a 
igbt  tinge  of  copper  at  the  negative  wire.  (Gtn.) 

12.  On  tbe  lower  Borfaco  of  tbe  bladder  wliich  doees  the  neffntive 
be  containing  pnta.«h,  a  deposit  of  melallic  copper  is  formedj  ruixed  with 
ack  oxide  and  blue  hydrated  uside,  the  lutter  possihiy  arising  from  tbe 

inary  chemical  action  of  the  potash  on  the  coppier-salt.    Similar  rela- 
'ons  are  likewise  exhibited  by  nitrate  of  Ica^l,  auhuitrate  of  merctiry,  nnd 
itraie  of  silver,  and  by  tbe  protoaulpbates  of  iron  and  palladium.  Sul- 
'  ate  of  magncfiia,  on  the  other  hand^  merely  deposits  mcigneaia  on  tbe 
adder.  (Daoiell.) 

13.  Tn  this  and  tbe  following  expcrinieiits  of  Becquerol,  the  Bolutiotia 
ust  be  very  concentrated,  otherwise  notbiuj;  but  water  will  be  dp  com - 

the  battery  must  alao  contain  from  thirty  to  one  hundred  pairs  of 
Not  a  tiaee  of  hydrogen  is  evolved.  fBeef(uercl.) 

14.  Tie  solution  of  chloride  of  glucinum,  and  that  of  chloride  of  eir- 
uium  must  be  mixed  with  a  GUiall  quantity  of  chloride  of  iron, — otber- 
iee  110  glucintim  or  ?;irconiinn  will  be  separated,  Tbe  first  portions  of 
ese  metiila  deposited  on  the  negative  wire  contain  iron, — the  subsequent 
rtions  are  pure.  (Becquerel,) 

13.  Sulphuric  acid  always  collected  id  the  pdfittive  arm,  but  the 
urrcdCe  of  aminoiiin,  in  the  negative  arm  waa  not  constant.  WhoD 
e  positive-  firm  and  the  lower  piii-t  of  the  negative  ami  of  the  U-tube 
ntain  nttrnte  of  lead,^tho  sMtition  in  the  negative  arm  being  covered 
ith  a  layer  of  cotton  an  inch  high,  moistened  with  solution  nf  nitre,  and 
portion  of  the  aanie  solutitm  being  placed  above  the  cotton, — a  I.nrgo 
quantity  of  peroxide  of  lead  is  depo^^itcd  on  the  positive  wire  after  twcnty- 
iour  hours  action  of  a  suiaii  iifty-pair  battery,  but  no  load  an  tbe  negative 
wire.  (Gin.) 


fS'wo  Liquids  in  ihrei  Ditftfi^tm,  one  Liquid  in  tha  middl*,  and  tht  other 
in  the  ttco  exterior  Divisiomt 


I 

All  the  experimcTilfi  of  Davy  and  Connell,  enumerated  in  the  followiu^,' 
tuble,  were  made  with  Apji.  V;  Vie  la  Rive,  on  the  other  baud,  formed  hi» 
three  dirieiooe  by  mcuna  of  two  upright  sheeta  of  bladder. 
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].  Bromiiie  mr  iodine  SmttrtA  in  w«ler  doM  noA  pmm  oret  ailW  i* 
t)»e  po«live  m  iblA  tlK  aeigmtiTe  en.  (CaaoelL^ 

X.  Tliie!  pMOkge  of  Jii]|dkiin6  add  iato  the  paniive,  And  Unt  of  pctoA 
into  tlw  ne^lire  capi,  lieeomn  vndeat  in  a  lev  mincitc*.  Xot  »  tACf 
«l  thete  »a\mtamee§  puns  into  ifce  opponta  onp;  ooiueqiteaU/,  Um  twtf 
H  eaoied,  not  by  cuQlaritj  bat  by  the  etertrir  current.  It  sf)ti«uiik« 
-tlat  BcidB  cu  tmvM  to  tlie  ponttre  (•ole  w-iUioul  ihe  ■■riwinnr  of  Imi. 
and  mlkalu  to  the  Bcntive  pole  witfaoai  the  belp  of  ■eid&  (CtiudL) 

3.  Chloride  of  eucium  and  chloride  of  iron  behsrs  jwt  tUw  lUafc 

4.  Hydriodic  itcjd  h  at  first  wp^nted  between  tlitt  igdide  of  pglMH 
snd  the  positive  wnter;  but  tbis  aci<I  is  ooDveited  into  iodio  mai  by 
oxygen  passing  0T«r  to  tb«  positive  pole,  1/  tberefor*  tiro  waft  AM 
iritfa  iTBter  be  phurM  on  the  po«itire  aide,  bydrirKljc  Kcid  will  Iw  fcols 
tb«  one  which  tocchea  the  iodide  of  potassium,  and  itMliQ  acid  IB  ite  ■ 
whicb  the  pceitLvd  wite  is  immersed.  (CobttfelL) 

5.  from  tbe«e  CTp^nmeDta  it  appears  that  tboae  liaaids  odI^  an  It- 
compo^d  w-bicfa  are  in  coTitact  witb  t)i^  polar  wire«.  [|f  the  l  i[iuii— I 
had  M^D  cotitinoed  for  a  longer  time,  it  ie  probable  that  thv  irlfn^  d 
the  middle  liquid  would  likewise  have  appeared  al  the  pulca.^ 

When  the  two  outer  cups  (App.  Q)  oonLain  eomtnoB  aalt,  aad  tkt 
middle  one  nitrate  of  ailver,  chtorine  im mediately  n.ppeam  to  the  puaum 
rup,  aud  soda.,  together  with  bydrC'^B  gas,  in  the  aof^ive  cap.  Is 
middle  cup  two  iirecipitatea  are  formed, — one  of  a  flnoeiib'ot  chantfK 
where  the  soda  from  liia  puaitire  cop  enters  ibe  frilrer  BolodoD,  ibo  «thi 
of  s  thiiclc  ooDSEBtfiiice,  where  tbe  chloriao  from  tho  negiuire  ndtiaw 
the  sime  solution.    (H.  Ua^-y.) 

A  laurel  leaf  with  one  end  dipping  into  the  water  in  oop  *  (d»  !V 
and  the  other  oii'l  in  K  beeoin^s  brown  nftec  tlie  <mrreal  baa  aetaa 
it  for  iftme  (into,  looking  if  it  had  bt-en  bumtj  tlie  Water  in  ibe 
live  cup  reniaiDS  perfectly  clear  and  smells  like  pMCh  blniw,  tiatii 
the  negative  cup  ie  found  to  contain  potash,  lime,  rosin,  and  giaim  eiit^ 
iug  matter.  A  pepp^rtniut  pkut,  after  being  expoaod  iti  tbia  ntaoiK-c  w 
the  action  of  the  current  for  ten  minutes,  Tceovcn  itcelf;  bat  if  Ui«  camH 
Iw  goffered  to  act;  upon  it  for  four  hours,  it  williera.  At  the 
AUlpburic  ftcitl,  hyrirochloric  aeid,  and  an  »cid  which  prrcipit 
of  mlcium  (oxaHc  Acid  7)  collect  in  the  positive  cap, — potash  and  Km** 
the  nejral'*"e  cHp.    (H.  Davy.) 

If  the  lower  onda  of  two  ginas  tabes  be  eliwed  tnr  the  extrvmitiMd 
a  ahoot  of  C/i'4m  JiatfelH/ormu,  the  tubea  filled  with  water  and  * 
wire  dipped  into  ench,  the  end  r<f  the  ^hmit  wbieh  is  tnracd  toward*  A* 
pofiiitivn  p4di!  becomes  yellowiiih  imd  chrinks  up,  whital  iba  olbw 
arqntrtM  a  dark  green  colour  and  iwellfi  ,  Ths  water  of  tlta  p***^ 
tiibci  is  fiiuml  to  contain  ehlorine.  that  in  the  aogatire  tab*  MMMb 
(Hisingcr,  CrV&.  27,  304.) 


ELECTROLTfSrS :   THIIBE  LIQUIDS. 


When  a  piece  of  bludder  ia  used  as  a  dinphra^Tn  in  pure  w&ter,  l\& 
Jr    common  salt  cuBttiiiisd  in  it  13  (lecoiiipoEcd,  chlorine  being  eliminated  nb 
th.0  pitsitivo  anJ  aodium  at  the  negative  pule.  (H.  Davy,)    (Henco  Pa- 
'      cfatftoi's  Bupposed  generattoD  of  chlorlue  from  water.  Oill/t  21,  108,  113, 
Utti  125;  22,  202,  210,  and  220;  23,  463.)—-^  pi^o«       muscle  8 

i      inohea  lung  and  ^  an  inch  tliiok  being  laid  witb  its  ends  dipping  idLo  two 
k      glaanea  fiHed  -with  water,  »ad  eiibject^d  for  five  days  to  the  pction  of  tlia 
1^  current  of  a  1^0-pair  battery,  bocomcs  dry  anil  hikrd  and  (eavea  no  saliae 
leniduB  wben  burnt ;  hut  the  positive  cup  i.a  found  to  contain  pbiiapborio, 
Bulpiiiiric,  hydrochloric,  and  nitric  acid,  find  tbe  negative  tup  ammonia, 
pot&eli,  Soda,  and  iron,— Wlicn  a  well-wa*bod  finger  ia  dipped  into  tba 

► EoHiti1>■^e  and  tLiiuther  Into  tbo  negative  m\i,  phospborio,  aulphiirio,  aaA 
ydrocblorio  acid  collect  in  the  foniier,  alkali  in  tlio  lattor.  (H.  Dftvy.) 
If  the  lower  cnda  of  two  glass  tubea  be  stoppC'd  up  by  a  pieuo  of 
musoufar  flpsb  kept  niniet  by  imtnersiun  in  nater,  the  tube«  filled  with 
water,  and  an  electric  curront  paesed  into  the  water  for  twenty-four 
liDiira,  the  end  of  the  piece  of  Heah  in  the  po&itiTe  tube  appears  lika 
^veoog-iilnted  white  of  ega.  being  also  transparent  and  deatitute  of  amellt 
^^thitt  in  the  negative  tube  is  more  itrongly  reddened,  nppeare  tramaJneent, 
Mnalla  putrid,  and  is  covered  with  n  coa-ting  of  lymph.    The  atightly 
«oloare(l  water  vf  tho  positive  tube  contains  bydrucboloric  aceJ  witn 
flakej  of  uoagulated  albumep,  the  yoUQwisU  water  of  tlie  negative  tuba 
^^eontnina  aoda.  (Hieiugor.) 

MincvmiU  likewise  contain—probably  from  the  Aea-watdf  which  ontA 
^■Mvered  them— eertain  salts,  the  oan«tituenta  of  whicb  are  tmneforrod 
^Bender  similar  circunistftnc«e  to  the  polar  wires.    If  &  cup  of  Carran 
^  tnarblo  bo  placed  in  a  platinum  crucible,  water  poured  into  both  veiaeic 
till  it  reachefl  a  little  abovu  the  edge  of  the  marbls  cnp,  the  cruoihla 
connected  with  the  poeitive  polo,  and  tho  negative  wire  dipped  iotu  thf 
vatsr  of  the  marble  onp, — eoda  aa  well  at  liuio  ooilects  lu  the  latter. 
Clsy  fllate  aoiE  fior[>entlnQ  yield  aoda  in  a  t^imilar  manner.    Glaae  vemli 
aUo  ouiitaiaiug  witter  through  which  the  elcotrio  cinrreat  is  passed,  art 
bttackod  and  yield  soda  at  the  negative  pole.  (K.  Davy.) 
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1.  Sulphuric  acid  Ijegins  to  show  jtself  in  the  water  in  five  minutev, 
hydroichiortc  acid  not  till  after  two  houra.  ^H.  Davy.) 

2.  Baryta  appears  in  tho  water  after  the  lapse  of  some  minutes,  potash 
In  an  hour. 

3.  Potash  inataotly  appeara  in  the  water,  but  no  baryta  passes  over 
into,  that  Ii(juid  even  in  ten  hours,  because  in  passing  through  the  siilphste 
of  potash  ill  the  middle  vasmI  it  is  precipitated  in  the  form  of  eulpliate  of 
baryta.   (H.  Davy.) 

4.  Hydrochloric  aeid  couM  not  pass  over  to  tlie  water,  beoau«e  it  was 
reoipit&tod  in  tho  middle  vofiDol  by  the  sulphate  of  silver.  (H.  Davy.) 
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direction  uf  tb?  positive  pole  reinalDB  (ob  sulphate  of  .soda)  in  tLe  eolntioo 
of  common  salt,  f  Becguerel.) 

Tbeee  experiments  are  decidedly  opposeJ  to  De  la  RiWs  theory  of 
oE  electrqlvsis.  (p.  433.) 

The  tube  a  {^pp.  7)  is  closed  at  tte  bottom  with  clay  saturated  wiWi 
acetate  of  aoila,  and  contains  acetate  of  iron  with  wLich  is  mixed  a  tracd 
of  acetate,  sulphate,  or  nitrate  of  iiiatiga.ti;tse;  it  la  like^'iae  jtmneiraed  in  the 
vessel  t  filled  with  nitrate  of  copper:  oiader  these  circ  am  stances,  the 
carrcat  of  ti  alu^le  pELir  of  plnt^s  is  sufficient  to  coat  the  positive  platinum 
wire  which  dips  into  a  (the  negative  wire  dipping  iato  6),  with  brown 
peroxide  of  manganeae,  and  in  a  few  hours  to  separate  a,I1  the  manganefie 
from  the  irun  aolutioo.  Snmutimea  the  liquid  in  a  acquires  a  tmnsient 
roae  colour  tDwaj-da  the  end  nf  the  action.  A  salt  of  lead  (instead  of 
manganiese)  mixed  with  the  iron  salt  yields  hrown-blaek  aryetalK  of 
peroxide  of  Jeod  en  the  poaitivu  wire,  as  long  any  lead  remains  iu  the 
liquid;  in  thi^  case,  however,  a  battery  of  several  pairs  ia  required. 
(Becquerel.) 


Electrical  PolariEation. — Secondary  Charge. 

When  an  electric  current  lias  passed  for  eome  time  from  two  homo- 
geneous (or  even  heterogeneous)  metaU  into  ft  liquid — if  the  melals  be 
then  sepantted  from  the  electrical  source  and  met^llicatly  connected  (by 
meana  of  a  galvanometer)  whilst  they  remain  in  contact  with  tUo  UquiJ, 
— a  current  of  electricity  pa.sgcs  from  the  one  to  the  other,  through  the 
metallic  coanectioii,  in  the  direction  opposite  to  that  of  the  original 
carrent;  that  is  to  aay,  positive  electricity  passes  from  the  former  anode 
through  the  galvanometer  to  the  cathode.  This  secondari;/  current  is 
often  produced  when  the  two  pieces  of  metal,  after  being  acted  upon  by 
the  first  or  primary  current,  are  placed  in  contact  with  fresh  liquid  ineteBid 
of  that  in  which  they  were  previnaaly  immersedj  likewise  when  the 
liquid  wliicli  has  been  exposed  to  the  action  of  the  current  is  placed  in 
contact  with  two  fresh  pieces  of  metal. 

[The  secondary  current  is  for  the  most  part  refemblo  to  decomposi- 
"  na  produced  in  the  lifjuid  by  the  primary  current,  and  to  the  vnriona 
acta  of  decomposition  partly  deposited  on  the  anode  and  cathode, 
'y  collected  in  the  positive  and  negative  halves  of  the  liquid.  Ag 
aoon  the  primary  current  ceases,  a  chemical  reaction  of  these  products 
upon  each  other  and  upon  the  iiquid  commences,  and  thuB  an  electric 
current  ia  produced.  Thia  current  always  takes  the  direction  opposite  to 
tlmt  of  the  primary  cnrrent^  because  the  latter  has  accumulated  electro- 
negative Bubstancoe  at  the  positive  pole,  and  olectro-poeitive  EuhBtanccs 
at  the  negative  pole.] 

Two  platinum  wires  conducting  the  electric  current  through  mercury 
do  not  become  polarized.  (SehonlielD;  De  In  Rive.) 

Platinum  wires  iu  water  give  a  weaker  secondary  curreot  than  the 
eame  wires  in  dilute  acids.  (Do  la  Bive.) 

Electrodes  of  spongy  platinum  ia  water  or  dilute  sulphuric  acid  give 
a  much  stronger  and  more  pommnent  secondary  current  than  electrodes 
of  compact  platinum.  Platinum  wire,  the  surface  of  which  has  been 
brought  into  the  pulverulent  state  by  alternating  currenta,  behaves  liko 
epongy  platinum.  (De  la  Rive.) 

Platinum  acting  aa  cathode  is  froed  by  hydrogen  from  all  adhering 
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ELECTROLYSIS:  POLiRlZATION. 


they  have  lieen.  acted  upoD  by  the  primary  cqrrent,  are  replnced  by  two 
linnBeiJ  wires  connected  tugetber  by  the  galvaaumet^r-  If  ihe  win 
which  hs-s  conducted  posUtve  electricity  into  dilate  bydrochloric  acid  in 
the  U-tubb  lio  made  to  dip  into  the  ti^gativ^  arm,  and  tbe  other  wire  into 
the  positive  arm,  tlie  direction  of  t!i6  current  will  be  aucb  aa  Co  «lic>w  tbat 
the  polariMtion  -of  the  liydrochloric  acid  is  stronger  thftn  thai  of  tho 
wires.  With  sulpliurii;  acid  eilLiCr  concoDtrftled  or  dilute,  tbc  aetinn  ia  at 
first  cifactly  tho  rcTerae  of  tbat  just  deacribedj  positive  electricity  going 
from  the  wiro  which  formed  the  utiodo  through  tho  ^IvauAinetet  to  the 
other  wtr«  ;  but  thia  current  };r>t<iliial]y  dimini^he^  and  is  at  Iml  reveraeJ, 
— a  proof  that  thu  polarization  of  tL«  uulphurii;  iiclrl,  tbon^h  wcikcr.  Ib 
moro  lafiting  tbaa  tliat  of  the  wires. — Tbe  platiiitim  wires  throu^^h  Rhiub 
tbe  priuitiry  currcut  bas  pu^^secE  iiilo  dilute  ncid  like^i^ie  givs  socoiidary 
current  when  imniersod  iu  freeb  dilate  a«id. — A  curicut  go  teehie  aa  ao 
li>njfer  to  ca.iise  evohitioii  of  gag,  is  still  capable,  eveu  when,  the  wir«6  are 
replaced  by  frdsb  oues,  of  polarizing  hytlrocbloric  acini — which  on  the  whule 
Is  Bdfit'Cptibk-  of  stronger  polarization,~biit  not  sulphuric  acid,  in  tho  case 
of  which  at  least  il  traee  of  gius  tnujst  be  evolved.  With  a  stronger  cur- 
rent, euljihuric  acid  retains  its  polajiaatio'n,  even  after  it  has  hueii  bcateJ 
to  the  boiling  point  iu  both  nriiis  of  the  U-tube,  provided  the  portions  of 
liquid  tn  the  two  anus  bav©  been  prevented  from  mixinc.  (Sclibnbein.) 

A  platinum  wire  which  baa  fonucJ  the  anode  tn  water  or  diluta 
•ulphuric  acid,  loeetf  its  polarization  iu  bydrogco  ffie,  because  that  gas 
removea  the  osygcii  which  snrrounda  the  platinum,  probably  in,  the  etata 
of  peroxide  of  liydroj;i<ii[  [or,  ikccorJing^  to  Do  la  Rive,  of  oxide  of  pl»- 
tinumli  aud  a  wire  which  has  conduc^ted  negativa  electricity  (or  serrod 
as  cathode)  loses  its  polartimtiuu  in  chlorine  gag  or  bromiue  vapour,  and 
inoru  slowly  in  oxygen  gas,  those  ^ubiitances  removing  tliu  hydrogeu  [or, 
fkocording  to  De  1%  Riru's  view,  fonoing  a  costing  of  chloride,  bromide,  or 
oxide  of  platinum].  Both  wires  lose  their  polarization  by  igriition,  whioh 
moTea  both  osygcn  and  hydrogen.  {Scbimbein.) 
Wires  and  li<|uidt«  may  aUo  be  polarized  by  ordinary  chemical  meaQS, 
Clean  platinuni  wire  placed  in  bydrogi^n  gaa  becomea  in  a  few  ^econcts 
positive  towards  other  platinum,  wires,  because  ao  envelope  of  hydrogen 
jfl  formed  around  it  [or,  according  to  Ve  la  Rive's  view,  because  it  is 
entirely  freed  from  oxide  by  tbe  hydrogen].  Gold  and  eitvcr  are  not 
polarised  in  hydro^ou  gas.  In  oxygen  gas,  nollber  platinum,  gotd,  nor 
eilvcr  if  polarized^  but  all  three  of  theue  metala  are  polarized  by  ablorine 
gaa  or  bruniine  vapour. — Similarly,  dilute  tiulphuric  acid  which  has  been 
shaken  up  with  bydrogcn  gad,  iis  positive  towards  eulphuric  acid  not  «u 
treated;  and  water,  after  l>eing  agitated  with  hydrogen  gaa,  is  poiiitive 
towarda  ordinary  water,  when  the  elecitrodes  are  lonued  of  platiiium, 
ut  not  wbeii  they  consist  of  gold  or  silver.  Dilute  eulplinric  acid  agi- 
tated wiUi  osvgw  gita>  gives  no  current  with  other  Bulpburic  acid;  bnt 
dilute  sulphuric  acid  mixed  with  brumiue  or  chlorine,  ia  negative  towardll 
ordinary  sulphuric  Mid  with  pUtiQiiin  electrode^,  but  not  with  eleotrf>do( 
of  gold  or  silver,  (Bubtinboin.) 

A  platinum  plato  whith  lias  eorvcd  as  pugitivo  |K>le  in  a  natei^ 
liqoLiI,  absorbs  hydrogen  when  iniuier&jd  in  that  gas  [which,  according  t* 
De  la  Rive,  cotnuinoa  with  the  oxygen  of  tho  t^xide  of  platinum],  and  ft 
plato  which  ba.1  formed  tho  negative  pole  absorbe  oxygen  ga«  [according 
to  De  la  Rive,  becau&e  it  again  beoonie^  coated  with  oxide].  Platinum, 
after  immersion  in  oxygen  gas,  ie  negativo  iu  a  watery  liquid  towards 
platinum  which  has  been  immerAed  in  bydrogeo  gas.  (Matteucci.) 
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_  fai^  Wt  firniiraipi  iti  better  tlbn«  sa( 

th^  act  w  fwtne  pole,  thej  fibent«  oxweo-HUiiJ  a^t«^ 

 '  —  hj*»chkrie  acid,  dii&itiat«  cUmiim.  (Smw-) 

wmi  m  the  diem  odea  of  a  3-pab  Wttery,  ia 
I  hatangaKfMu  tluui  nnr  oai 
1 17  aolDtiofu  of  sBlpli«t«  of  potiA 
tfraaglj  ID  tlib),  flBl-anunoabc,  cUa> 
■ttate  if  iBteak,  Wijta,  or  line;  UrtzMe  of  potoik, « 
jl^aia,  if  mm  cr  tanaene  paper  be  motBt«fi«d  «iA 
tatMB^  wmi  tte  ■kctoieily  of  tbe  aiaefaiiw  mada  toad 
ikem  b^  Bsaas  tw  yfatBra  Tires,  till  ileeompodtioii  boeoMi 
.  Ij  cka^c  of  <ol«ar.  tbe  pMnaBo  wiiv^,  vben  ooanectcd  ^  At 
win  eire  a  mmrnAtrj  cnmal;  k>  likewise  if,  after  tht 
,  lbs  phtia—  ne*  be  rejplaud  W  oaeo.  ^nuidl 
Twa  platB^H  win%  cApuaaJ  ia  a  aoJaliiib  of  eaJ-jumiMHitae  Id  tjt 
ptwa^  cwmaky  exbibk  tbe  mmomimrf  cnmnt  in  knotter  liumi  iW 
ena  if  ti»  part  wbieb  was  iHBnad  la  ibe  firot  aolation  be  cut  olT;  it  it 
Ibca  bavcra-  vcaka-,  aad  tbe  mam  m  ia  proportion  to  tbe  >djMaM 
frcai  Iba  aalatiim  at  «bic&  tba  wire*  bare  baea  ntt  off.  Tb«  lon^  lU 
pnaMiy  ramat  is  miitiwwtiilj  tbe  lautw  powcfful  is  tbe  sccoDdarr  ntrmt 
If  Ae  pii»airT  cwnat  baa  been  eoatiaaed  for  thirty  minata  (Imja 
dantiiM  avM  aMbiag),  tbe  wina  retain  tbeir  polariniiton  fbrMftnl 
iaya;  it  ■*  vtakcMd  bj  rvbUow  (be  wine.  (Se  la  Rire.) 

Cowbctoi*  pcdariaed  ia  ■J-^amioaiac  excite  secoodniy  nrrvoti 
wiaaa  atnoglb*  m  tbe  foUowiar  order,  begioniDg  wilb  tbat  wtidi 
aeii  MM*  pow«r&illj;  Fertndv  «f  manguteae,  gr^lute,  cbanoal.  pb- 
tipam,  vM,  silver,  «opp«T,  hnsA,  iron,  tin,  lead,  tme.    (Pfaff^  &ihr.  SI 
395.) 

If  two  sitrer  w-Ites  be  made  to  act  for  tweoty-fnnr  boars  on 
of  nlphate  of  potash,  tbe  Dentin  wire  ceases  to  erolve  gas  aa  tot 
ihe  c\Ka\t  is  broken;  bni  the  positive  wire  erolves  u  luBch,  if  D«t  1 
tlian  before.  If  tbe  positive  wire  be  then  intndoeed  into  that  amd 
the  U-tti'be  which  previously  contained  the  ncgTitiTe  wire,  and  ibii  iriR 
the  poi^tcive  arm,  the  erolation  of  gas  t^till  contioaes  on  tbe  pontirc  win 
bnt  more  feebly;  in  an  unelectntied  folatiou  of  flulpbue  of  potash. 
wire  does  not  involve  an^  gas. — When  zinc  ia  used  as  the  poeitiTe  ta' 
iron  aa  tbe  oegattTe  pole  id  solutiuD  of  sulphate  of  potash,  nnd  tbe 
tery  oostinaes  in  acllua  for  abqut  twenty-four  hours,  tbe  sine  wipe  gm» 
no  more  gM  after  the  circuit  ia  brolteoi  but  the  potMtiveiron  win  alba 
eoDtiuues  to  evolve  gas  for  half  an  boqr,  the  qsantity  iuereaaing  m  ^ 
iron  wire  is  broug-ht  nearer  («  the  Eino  wire;  unftaliic  contact  of  tbe  tv« 
wiiee  ha4,  however,  no  inllaence  on  tbe  erolntiun  of  gae.  Tbe  im,  wilt, 
when  taken  out  of  the  lipoid  and  again  imtnorAed,  continues  to  cvntn 
bnt  does  not  jirodace  nay  euch  effect  in  a.n  nnelectrllled  solntieo  il 
Aulpbate  of  potash:  fresh  iron  wire  liberates  no  jre^,  even  from  tbecb^ 
trised  eolation.  (Hieinger  &  BerEcliue^  Gifl.  27,  2S7.) — ThU  nugMtid 
reanlt  was  obi^'rved  by  Pf&ff  in  solution  of  saUammoDiae.  ^S^w.  S3,Ti-) 
Iron,  cop[>er,  ut  due  wires,  cxposeit  in  caostic  potash  to  a  wmb  fo- 
mary  current,  afterwards  give  a  stronc  secondary  cnrrent- 

if  the  cnps  (^pp.  contain  alcohol,  and  thu  lead  wire  0  and  e«ffV 
wir«  p  Are  connccteil  for  nome  hours  with  tho  poles  of  a  Stknur  faatCnT, 
while  the  silver  plate  ^  imnier^ed  in  a,  uid  the  silver  plttA  i  ttm^nf^  u 
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b  tmeh  on&  another  at  h, — ^then,  on  connectiug  tho  two  iUver  |i1tttes  with 
tlie  galvjinomctt^r,  aniE  dipping  tlient  into  aolutioti  of  cotiuiinn  ^alt,  tli6 
plate  which  lias  betu  iminerseJ  in  tbe  positive  cup  apfveara  more  poaitivo 
than  tin,  and  that  vhich  haa  been  immersed  in  the  negative  cup  nlmo^t  oa 
negalive  us  goIJ.  The  oftener  tlic  silver  has  bee^n  thus  trcited,  the  more 
quickly  doea  it  assunie  this  cmdiiioa;  by  wiping  drying  tbo  plates, 
trio  jieculiar  stato  is  fur  the  most  part  destroyed.  Gold  aud  pUtsnum 
behnvo  like  silver;  lead,  tin,  copper,  and  brass  may  in  tliis  inanoer  be 
njade  more  positive  than  i^ioc;  in  \ion  the  nffeet  is  not  produml  without 
nmch  greatLT  diRiculty.  But  when  copper  or  bnus  which  has  b«en  ren- 
dered positive  is  wiped,  it  becomes  more  uegative  than  in  ita  natural 
state,  (Miirianini.) 

II"  a  strip  of  line  in  the  circuit  of  tbe  voltaic  battery  condoiota  poaitire 
eleciricity  into  builed  water,  the  cuthode  being  furmorl  of  platinum,  the 
pair  soon  becoinijs  indifferent;  and  after  the  battery  has  worked  for  soiae 
luiuutca,  a  secondary  current  shows  itself  (in  which,  tbercfi>re,  positive 
electricity  goes  from  the  zinc  throngh  tlie  galvanometer  to  the  platiniim^; 
but  it  soon  coDiiea  to  ttothiug,  and  remains  flo  aa  long*  aA  tlie  circuit  is 
cloeed. — If,  on  tlie  contrary,  the  poaitivo  electricity  flows  through  tho 
platinum  into  water  freed  from  air,  the  zinc  beeoEiies  ten  times  more 
positive  than  in  it?  natural  slate,  or  tho  secondary  cnrrent  is  tea  Limi^  as 
Blron>;  ils  that  whieh  would  he  excited  by  Einc  with  platiaum  sod  water 
nut  previously  electrified.  (Bufl") 

Also,  when  several  platcti  or  wires  of  the  eamo  metal  are  made  to 
altematQ  witb  layers  at  the  same  liijuid,  and  the  curreiat  of  a  battery  aent 
throiigli  tho  whole — then  thecircuit  broken,  and  tbe  two  dulemiost  platen 
or  wires  connected  by  means  of  a  galvanonicter — a  current  in  the  op[Hiaito 
direction  to  the  funmer  [loases  through  the  galvanometer.  Thia  is  the 
principle  -if  Rittcr's  Cftarg'my  Pile  or  Jiecomlnri/  PUf,  which  laid  tbe 
fuujidiition  of  the  theofy  of  secondary  eutfcnte.  In  this  instramcnt  a 
nnmber  of  plates,  all  of  the  same  metal,  were  disposed  in  alternate  layers 
■with  moistened  pieces  of  paate-board,  and  subjected  to  the  current  of  a 
volinic  battery.  Faraday  constructed  a.  pile  of  this  nature  with  plates  of 
platinum  and  pieces  of  pnper  saturated  with  yellow  Eolution  uf  snlphuret 
of  p&tns«ium.  Sir  H.  Davy  constructed  a  similar  apparatus  of  bix  bent 
picees  of  metal,  tlie  ends  of  which  dipped  into  six  vCBsels  coutaining  solu- 
tion of  nitre.  With  ziuc  tho  secondaty  current  was  etrongcr  than  with 
platinum,  and  its  force  was  generally  jfreater  the  metal  wua  more 
Dxidable  »ad  the  aolutiou  more  concentrated.  When  water  was  used 
instead  of  Bolution  of  nitre,  it  wiis  very  weak.  If  the  eii  bent  piece*  of 
pEotal  conHi&t  haFf  of  copper  and  half  of  zinc,  and  h-  battery  of  Rfty  pairs 
acts  on  the  nrmn^emeut,  in  such  a  manner  that  po»itiA-e  electricity  alwnya 
eiitera  tbe  liquid  through  tbe  eopper  ends,  the  secondary  ciurrent  is  four 
limes  03  strong  when  the  positivo  electricity  enters  by  the  zinc  enda, — 
because,  by  thid  arrangement,  acid  is  collected  round  the  liuc  and  potash 
round  tho  copper  (p.  3Sfl).  (H.  Davy,  Comp.  Marianini,  Ann.  Chivi. 
Phtfs.  38,  5.) 

If  an  electric  current  be  conducted  through  three  deeoniposing  rella 
filled  with  water,  till  the  polarisation  has  rittaiued  its  nianimum,  and  tbe 

I  two  electrodes  connL-cted  through  the  medium  of  a  galvaDoiiietor,  after 
tbe  removal  of  tho  battery, — the  deflection  amounts  to  15""  when  the  elec- 
trodes ami  partitions  consiet  uf  platinum,  to  5"  when  they  are  formed  of 
copper,  and  to  'i-y  when  they  are  formed  of  zinc.  (Buff.) 

I       Metals  may  likewise  he  polanied  in  a  simple  galvanic  circuit.  Silver 


vfA  line  in  dilute  snlpbnie  add 
9B  tfmt«<);  «o  lik<nri«e  with 
nnr  in  tiriirocUcirie  mic 
hnHMplmii  tkirty  «ecoa<l9,  ami 

il«jpo«tire  ciiuKter.     If  oq?        of  ■ 
IC      ^ped  into  s  cop  mrtUiuine-  fcrdrcdJiinc 
[  IB  Motari  vitli  graphite,  iato  nji<>th«r  ciifi  cot- 
Ike  fanwr  ead  of  tbe  gold  is  found  to  t«  oaA 

fiatmom  thMB  onfioor^  gnlti;  iht  ■ 
^          n.    The  saune  phetiouietta  arc  ahi 
m^^imbm  rf        i«  destroyed  bj  cxpci^urv  Uf\ 
■iBtha  wben  the  metal  is  vm^jK-d  op  m 
cxUct  wflat  smilar  properties^  bat  more  fwf 

■  mnuncd  in  Conlict  witli  zinc  in  oil  of  ritritl  d 
hu  bcni  prtdur^l,  aft^r^ranls  e:d>tbits  poitthf  » 

Wight  is  en-mer  wh«p  conD«ct«d  with  tine  *y 
rf  a  ffctfarm  WTTP.    If  the  platinton  wire  he  cut  ilronrh  lAv 
(»  few  diT?  are  Bot  snffinVntj,  (hc<  copper,  notwitlutu^ 
BS>  m  HiaiBbn  frm  ihe  xiw,  renuum  brijjlit  fur  »  cenu!i*lrt»Mf  tioL 


t««a^  Mja  It  IbmI;  bat  in  treA  an-v&l«r  tt  woold  oxi 
ArvM  vadd  a  frcab  phte  of  copper  in  the  origioal  eeA-watcr. 

Chanml  isd  porauB  mke  in  contaet  irStfa  mnfllgumafcd  slue  Id 
■dfkuk  mai,  da  oot  eHmiiute  hv^mgcji  gaa  hnt  nitlicr  take  it  op, 
r  aa^m  the  power  of  etNitiiii;  ttK^mselres  with  copper  wfa«a 
is  a  solad«a  of  that  metal.  (§mcc.) 


P^utitions  or  Interposed  Plates. 

When  the  elertric  eturcntf  itslMil  of  pn^injr  thn>agh  one  isajdf 
tion  of  lii^aiil,  18  moAc  to  traverse  severiil  pnrtirms,  ('tmntH-tod  hy  « 
pSatM  or  wire* — the  ew-called  Partitiona  oi  itttervnin'j  I'tatft—^^ 
oocDM  to  the  mme  tbio^,  w^aratfid  hy  partititms  into  a  iiTimbpr  of 
potimy,  otJnterven mrt,  orltetaii/iii'/  Crth. — tlipn,  if  the  current  ha»«afid(0 
liimilnii  le  ortrmnie  llio  reai^tancc,  decoiti posit iou  lakc^  jilaro  id  m(4«IL 
Irerr  eurface  uf  llip  pmitiuns  wliioL  is  tunied  towartlx  thtt  anodr  « 
]^Mtivo  p<fle,  acty  aa  u  *aithu;ie  or  Ufpitirff  poje, — nnd  the  oUiotut.  rati 
a?  liTdro^eD  or  metals,  are  liberated  upon  it-  and  ercrj  mr&M  tamri 
to(rnr<is  the  mtbode  or  n<>g3.(ive  p<^le  act^  ^  an  aaodv  or  pooittra  peir,  l> 
wLich  the  uoions,  such  as  uxyj,'en,  chlorine,        are  r'rulved.    Wm  lie 
tonjioti       t]>e  current  is  )>ulfici^iit  to  overcome       incrvued  ndHMM 
t,he  riuantily  of  the  prudiiets  of  iLecompositioD  ohiained  in  emA  of  th«  ^ 
dividiiiU  dfconiposing  fJcJIs  i(i  (lie  §tiiiic  as  would  be  vivlded  h]r  a  a&l^ 
cell :  and  therefore  tbe  ^nm  tolitl  of  the  produrt«  of  Heconpaalticia  » 
ere&aee  in  direet  proporrion  to  ih^  nuni)!>er  of  H«riompueiii|^  eeOa  BU 
with  H  current  of  less  intensity,  the  j.-reiiter  tlic  number  of  ffrfh,  tht 
euinllur  is  Lho  iimouiit  of  decfuiifioeittoD  pruiluccd  ia  nuifa.;  and  wfc«o  dt 
uiniiber  is   incrf^iisuii    bcyoitd   a   «eruiii   limit.  dacompMtkv 

etber,  auil  tho  cleetric  current  tvstoppcd.    If  the  intermiaf  v^m 
of  melalfl  which  have  a  strong-  tcadeory  to  attnct  ox^jw^^b- 
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le,  and  the  otlifir  a-oiona  of  tb«  liquid,  this  ftfSnity  facttitatea  tha  deeom- 
sition,  ami  renders  it  pdASible  fiTcn  With  OHrretito  of  ooiopftratirely  low 
ansion.  But  wlietlier  tlie  ilccompoaUioD  be  strong  or  woak^  its  umomit 
a&y  one  cell  U  cxaolljr  the  e^ms  as  id  any  other. 
[AcconJing  to  the  theory  already  la.iJ  dnwn  (p.  433),  the  olectric 
fuicle  du  not  pass  thrnitg'h  tie  liquid,  out  combine  on  entering  it  witU  ila 
sustituent  eletnonts.  If  tlio  two  cups  a,  b  {App.  2)  are  fiiled  with  water, 
id  c<3nuecte<i  by  tie  platiniiin  wire  fffit,  the  plallDnni  wiio  o  being  coa- 
sted with  the  positive  p»lo  of  the  buttery  dippiag  into  o  und  the  ncga- 
ive  wire  p  into  6, — tho  positive  olcelricity  whioh  issue's  from  the  wire  o 
gmbines  with  oxygen,  and  the  uegiitivo  electricity  iRauing  from  the  wir? 
with  hydrogen,  Th*  latont.  electricity  or  caloric  id  the  were  ff/ii  ia 
HcWed  into  negative  el^ctricit^^  which  unites  at  with  the  faylmgtin 
Ler©  evolved  by  atomic  transposition,  ftud  positive  electricity  whith  eoiu- 
binesat  i  with  the  oxygcb  there  eliminated.  Ihus^  oxygen  gae  is  evolved 
It  o  and  iiod  hydrog-iu  at  j  and  p;  and  moreover,  the  quantity  of  oxygen 
in  a  ia  exactly  the  mme  as  that  in  6.  betiause  the  posilivo  and  ne^ra- 
,Jve  eloctricitie^  act  in  prnpf>Ftion; — wMiacqueiitSy,  equal  qaantitiea 
of  water  are  dci^ompowd  in  a  and  For  similar  rea.sonF,  the  quantity  of 
hydrogen  gas  is  the  same  in  botli  cells.  A«  with  two  celle,  so  likewiea 
with  a  greater  number:  in  all  cafleB,the  latent  electricity  of  tho  partitiunB 
is  decompoflcd.  For  every  ntuni  of  oiygen  Libersitod  in  tho  first  cell  by 
the  positive  olectricity  proceeding  from  the  pole,  an  atom  of  hydrojfen 
p&sses  over  to  tho  Eirst  partition,  and  there  unites  with  the  correepouding 
quantity  of  negative  electricity;  so  that  the  quantity  of  positive  elec- 
tricity transferred  from  the  first  parfitioH  to  the  oxygen  of  the  second 
oeU  IB  eqq;tl  to  that  which  paaj^es  from  the  wiro  o  to  the  oxygen  of  the 
first  cell,  and  the  number  of  atnius  of  osyeen  set  free  ia  the  samo  in  both 
places,  &ic,  &c.  The  decomposition  of  caloric  in  the  partitions  mlglit  be 
expected  to  produce  a  fall  of  tenipemtnre  in  them;  but  thsa  effect  ia  more 
than  compensated  by  the  development  of  heat  which  nccompmiies  the  de- 
_^Boinpo8ition  of  water  (vid. 

QiiantUy  of  tJu  Prtnlucts  of  DeeompotUton. 

In  any  one  of  Iho  dwomposing  the  quantity  of  detonating  gaa 
BTolved  ia  tho  ^amc  ob  ia  any  other.  If  tlie  current  be  flret  passed 
irougli  a  voltiinieter,  then  divided  into  two  part*,  each  of  which  pasna 
liroQgh  a  separato  voltdimstor,  the  la«t  two  together  yietd  the  samo 
luantity  of  detonating  gas  as  the  first,  (Faniday. ) 

If  in  a  battery  of  lOU  paira,  the  coUtij'uOlu  zinc  and  copper  plates 
acparatpd  at  three  or  fuor  poItLl:^,  aiid  dccunipoarng  cells  lilled  with 
Iter  Sflterpt).*(l  at  those  pointf,  the  quantities  of  detonating  giw  evolved 
all  these  cells  will  be  equitl,  (Mnriiinini,) 

Three  dwNimyKJsing  oella  beiuff  lilted  with  dilute  milphuTio  acid — ne- 
gative electricity  conducted  into  all  three  by  plillinnni.,  but  piisitivo 
electricity,  on  tKe  contrary.  int*i  the  first  by  ptatinnni,  into  the  socom!  b^ 
copper,  and  into  the  tbird  by  zino — the  mme  quantity  of  hydrogen  gas  is 
evolved  on  the  nlatinuni  in  nil  three  cells.  At  the  same  time,  a  lar^ 
qaantity  of  hydrogen  is  e\'olvei.l  on  the  Kinc  [by  pure  ohomical  action], 
and  doer  not  ap[>ear  tt>  dtininish  when  tho  circnit  is  closed;  the  copper 
diawlves  without  evolution  of  gits,  The  fumo  i|uantity  of  ga«  is  likewiEe 
obtained  in  all  the  cbHh  when  they  are  Blted  with  hydrochloric  acid— -9nd 
the  cathodes  are  formed  of  platinum,  the  anodes  of  plMinnm,  silver,  and 
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xSnc-^xi^ptiiig  tiint  tbe  cUarldQ  of  silver,  whiob  is  conttuuiUl^  fonniogi 
impedes  the  current  morA  and  more.  (F)u-i3.d4.y,) 

Tensilon  and  Quantiiy  of  the  Elediic  Cttrrent 

The  smaller  the  number  of  paire  of  plates  of  whieb  a  battery  cotuiati^ 
even  when  the  plalea  are  very  large,  the  more  is  tlie  qaantity  of  tho 
curreoC  dlnimislieil  by  tlio  introductiaa  of  a  partition  in  the  decompofiiiij; 
cell.  If  (Ijo  curreni  of  a  sLroDg  battery  be  weakeood  by  the  interpofllUcm 
of  a  Dumboir  of  docompoeing  cells,  to  eucli  a  degree  that  it^  actiou  oa  tLi 
magnetic  uvedle  doea  not  exceed  that  of  a  battery  coiufisting  of  frwflr 
pairs,  the  current  of  tho  latter  will  be  miicb  more  weakeued  by  tbe  iulcr- 
puuitidb  of  a  single  partition  in  the  liquid  which  it  traverseSj  thmi  the 
current  of  the  already  weakened  battery  would  be  by  tho  intruductioo  of 
one  partition  more.  (De  la  Rive.)  [The  quautities  of  the  two  curr«nt« 
are  equal,  but  their  iiitenaitiesi  fliffereut.] 

A  battery  of  40  pairs,  which  when  connected  with  one  TolttunetM 
yrelda  22-8  cubic  inches  of  detonating  f^os^  giTf^  iu  the  game  time  when 
2  roltaiiictere  are  used,  21  vah.  in.  in  each,  or  42  cub.  in.  in  all.  Id  the 
former  ease,  SS  4  atoma  of  zinc  are  consuiued  in  the  whole  for  eaeh  atum 
of  water  dccoinposedj  in  ths  latter,  onlv  4^<-3  atomf<.  But  with  a  b»tt«ty 
of  only  20  pairs,  one  vi^ltatuetcr  yields  52  cub.  in,  of  detonating  Ew^ 
with  a  consuaiptiou  of  tiac  amounting'  to  Slatonis;  and  with  two  mu- 
meters,  only  I4  fj  cub.  in,  are  evolved  in  each,  or  29  2  cub.  in.  in  the  tw« 
together,  the  couBumptiori  being  97  atoms  of  zinc  for  every  atom  of  wslff 
decomposed.  (Fam day.)— With  ]0  pairs  and  three  or  four  dccotnpociiig 
cells  containing  wacer  and  conhocted  by  platinum,  the  current  iff  so  ma<M 
weakened  that  the  water  ia  no  longei-  visibly  decomposed.  ^(Faraday.) 

If  a  cup-apparatua  conststing  of  eight  pairs  of  zinc  and  copper  in  eolution 
of  common  salt  produces  a  deviation  of  12"  in  the  electromeier  with  tha 
usiatance  of  the  condenser — and  if  between  oiich  two  contiguoiia  cq|m 
there  aro  phiced  eix  other  cups  filled  with  water  and  connectcwl  l-y  Im-oI 
copper  wires,  so  that  there  are  4&  inactive  cupa  intcrpoaed  between  A 
active  ones, — the  battery  Etill  exhibits  a  force  of  12'^;  but  o»  clo&ing  cL* 
circuit,  the  current  19  no  feeble  that  it  excites  no  convuUioDS  in  frogH,  u4 
scarcely  dcflompoees  water:  when  60  inactivo  cupa  aie  intcr|Ki«ed,  no 
decomposition  takes  place.  (Marinnini.)  [The  (quantity  i^  sennbly  dbni- 
nishcd;  the  intensity  which,  doubtless,  when  the  circuit  ia  broken,  do«i 
not  attain  it^  maiimum  till  after  s,  considerable  time,  remaios  the  Baniei] 

Nuwhfr  of  tiie  Decomposing  C'Ut, 

The  quantity  of  the  current  dccretises  as  the  number  of  decompoeiog 
cella  is  increased;  but  the  Brat  cell  weakens  the  current  more  than  (La 
Eccund,  the  second  mere  than  tho  third,  and  eo  oo.  (Mutieucci,  Do  I* 
Birc,  Faraday,  BuJl',) 

If  tho  exciting  cells  oontain  zinc  and  platinqm  with  dilate  Bulphatie 
acid,  and  the  decomposing  rells,  platinum  pintee  with  dilute  eulpharic 
acid,  the  fiillowiog  cfTocls  are  ob&crvedj  varying  according  to  the  nnnibft 
of  (ho  oxciling  cells  K  and  the  decomposing  cells  D  : — 1  E  and  4  |] :  cur- 
rent very  weak; — 1  E  and  iB:  still  no  perceptible  dccompoaitioia  of 
water  y — ^  E  and  3  1>  or  6  E  und  4  D :  very  feeble  cnrrentt  no  riaibl« 
deeomucMiitton ; — 3E  and  1  D:  Blight  decomposition,  eoon  couiog;^-4  E 
Mil  2  D  or  6  E  and  3  D :  no  viiiible  decoinpositioD £  £  and  S  D :  •Iffbl 
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ileconiposition  ; — 3E  aud  ID:  Joconipflaition  ; — GR  and  2D;  no  vieilile 
rlpcumpQijitiuii.  Wlmii  a  Bmnll  quantity  of  nilrici  acid  is  iiiiied  with 
the  dilute  sulphuric  ucid  gf  the  dccniupdsiiig  wlls,  the  cuironl  becomes 
■IroDger,  WcauBG  the  hydrogen  of  the  water  can  then  combine  ividi  the 
i>«;yg-en  gf  the  nitric  acid.  The  cuirent  k  likewise  increaaed  by  th« 
idilitiuQ  of  a  little  nitric  ncid  tElO  liquid  to  tlie  exciting  CQ\h,  because 
the  tension  is  thereby  augmented,  and  inaa.t  of  nil  hy  the  aildition  of 
^Mnitric  ncid  both  iu  tlie  exciting  and  the  decomposing  celle.  TLc  CUl'rciit 
^Ht  act  increased  by  eti'eivg-thening  the  eiilphurio  acid  in  the  two  klnijs  ef 
^Bwtls.  Hydrocbluric  acid  in  bgth  cclla  produces  a  stronger  current  than 
h»4Ulphiiric  acid,  but  nut  so  strong  n»  nitro-siilphuric.  (Faraday.) 
L  If  in  n.  battery  of  10  paira  of  platinum  and  auiftljpi mated  eiUc  id 
dilute  sulphurie  acid,  one  of  the  zinc  plates  be  replaced  hy  a  pliitinum 
jjhiite,  and  lin  cJccitiny  cell  thereby  converted  into  a  decomposing  cell,  the 
Jevclopmont  of  lLydro{r(.iii  gas,  and  thercfure  also  the  current,  h  reduced 
t<i  ^  of  its  foreiicr  uniuiiQl, — and  to  ,-'5  when  two  zinc  jjlates  nre  replaced  by 
jjlatinum  plates,  itiid  therefore  the  circuit  is  made  to  consist  of  eight  ex- 
filing  uiiii  two  dtciinipfjaing  colls.  In  all  throe  caaes,  however,  the 
i|uautity  of  hydrogen  gas  evolved  is  the  eaine  in  oil  the  cells,  (Daniell.) 

If  there  bo  diapowed  one  above  the  other:  a,  lino  plate,  a  piece  of  cloth 
miiietciied  with  water,  cupper  1,  wet  cloth,  copper  2.  wet  cloth,  copper 
.1, — and  the  strength  of  the  current  be  equal  to  I  when  the  zinc  is  con- 
uectcd  by  tho  galvanometer  with  ooppor  l,^lt  will  bo  reduced  to  j  on 
connecting  the  zinc  with  copper  2,  and  to  i  when  tho  connection  ia  mado 
with  copper  3,  If  a  copper  and  a  zinc  plate  be  imiuersod  in  a  trough 
filled  with  dilute  giilpliuric  acidj  and  tept  constantly  nt  five  incEics  dis- 
tance,'— then  if  the  deflection  =  when  no  partition  ib  interposed,  it  will 
be  reduced  to  1"  by  the  interposition  of  one  plate  of  lead  between  tlio 
copper  and  zinc,  to  3 J' by  two,  to  StV  by  thrco,  to  IS'  by  four,  and 
Srlnvo^Ht  to  nothing  by  five  pnrtitiuns  of  lead.  (Madanini.) 

The  amall  ([uautity  of  eloctriuity  excited  by  one  pair  of  plates  in 
water  pJLssea  through  four  decomposing  cells  containing  nitro-sulpburic 
acid  without  much  diininutton;  but  the  hirger  quantity  excited  by  oho 
|«i.ir  of  plates  in  dilute  eulpburic  acid  is  proportionally  much  more 
wealtened — so  that  when  made  to  traverse  four  deeompoaing  cells,  it  does 
not  exceed  the  current  csc'tcd  by  water.  (Dufl'.} 

If  tho  quanlity  of  tlio  electric  current  is  to  remain  the  same  wlien 
parsed  tlirougii  two  docoiuposing  cells  a«  when  jta^cd  through  only  one, 
±ho  ndttiher  of  pairs  of  plates  must  bo  doubled.  For,  adCordlQg  to  Ohm'a 
formula  fp.  414). 

Q  = 

^      bR  +  p 

Fdenoting  the  roeiGtanco  of  onfl  decomposing  r^ll;  and  wlien  llie  number 
of  paira  and  of  dccunipoHing  cells  Ih  doubled,  we  hava 

which  is  the  same  as  the  preceding  formula.    Hence,  each  decomposing 
cell  requires  an  oijual  flmoiiiit  of  ]>enctrating  force.    (Buff,  Fnff^.  54,  108.) 
The  fjuanLity  of  the  current  with  a  epven  iinmber  of  jfflirs  and  of 

decoRipHiaing  cells  may  be  determined  as  followa,  Let  ^  be  the  observed 
strength  of  tho  current  of  a  single  pair  meUillicaJly  connected  without  any 

TUL.  1.  2  1 


4Bi 


BLECTRicrrr. 


decompo^bg  cell;  •«  tbe  number  of  ]>airs;ta  tfiat  of  tlie  <1erompaeE 
a  (lie  mti"  of  tlie  fesistant*  of  fl  decnisijiosine  crti  to  thai  of  an 
cell,  which  ratio  viiriea  greatly  according  to  llic  nature  «>f  the  linttiAf  w- 
ployed  in  lb«  exciting  and  decomposiBg  celis:  then  (Buff), 

Q  =  4-  ^  ' 

L  n  +  ma 


In  the  fotlowii)]^  eiperiments  pairs  of  zinc  ftnd  co[>{>er,  and 
and  partlcititis  of  copper  wore  employed.  Id  serine  A,  ttie'  liqujdcfl 
excitipg  ceils,  and  lilteiri^  ihnt  its  tlie  decomposing  ct.dls,  is  «r*trr  <tB 
caw  1  =  I  "35;  and  with  water  of  tbe  otiimst  degrrw  of  paritr,  ■  «ntU 
lie  ]'•{  with  partitions  of  coppct,  (l'7  nith  pHrtitiuna  of  zinc,  uid  f-Ovtik 
{mnitiMiis  of  platinum.) — Id  stricK  B.  the  liqiuid  in  the  iixcitiu^t  teika 
dilute  sulphuric  acid,  lliat  in  the 'dccoinpOHlnj;  cells,  water  (in  thi*a» 
a  =  U'dl). — In  ?er\es  C,  iho  exciting  tAh  contaiQ  wutnr.  tuiif  the  dccMft- 
poBing  cellt^  dilute  nitrio  acid  (in  iIjIs  ea-e  x  =  U  UO.) — e  denMM  tlf 
number  of  exciting  cells^ — rt  that  of  the  dmiinpr»eiii^;  ctOl?, — <y  Hm  W» 
tiun  (if  Gourjnn'a  gTilvjiuoinctcr.  which  giriH  the  quantity  iif  the  cimw* 
directly, — b  the  detiectiou  ualvnlated  by  the  preceaing  fannuliL 
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Chemical  Xatnre  rif  the  Liquid  and  of  tAf  Interpoted  Ptntn. 

The  main  Hourco  of  tlio  rosistanco  cxerte^i  by  the  UeooDi|nietDf  c«B>* 
thiit — thnt  the  liquid  contained  iu  them  must  lx>  docouipoftcj  :  in  ft>Utf>* 
tu  this,  there  'vt  a\m  the  le3«  powerful  resislauce  uriijiug  from  t^pi^ 
z&tiun  of  the  interTening  pkles,  whitli  takes  ploco  afl«r  long  imtiwi 
action  of  the  curreut.  fSntf.) 

Tho  more  easily  tlecomposible  a  li<]uid  is  in  its  own  natorv,  nalAi 
greater  tho  itftinlly  of  tlio  intervening  plates  fi>r  ifao  vIrniOTits  of  (14 
]ii|uiJ,  tbe  less  id  the  rcsicitiinee. 

With  tno  pairs  of  pliileH,  four  decomposinj»  cells,  nmt  plAiintnn  pu*- 
tions,  tlio  resiHtLitife  bi  the  decomposing  rella  U  f^ninllont  wlion  itHTi**' 
Win  concoHlmiod  nitric  acid;  ihon  follow  in  orilfr;  hvdrHriilwk' 
dilute  siilpiiiirii;  itcid,  oil  of  vitriol,  jsutiiitv  solutioo^,  mjiA  UaJt, 
Bolutlontf  of  iiniiniiiiiiL  and  pfila«h,  whit'h  do  not  offer  much  mot* 
ui«e  than  suliue  fiolution^.  (De  la  Rive.) 
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irtwo  decomposing  cells  witli  plntinum  partitiona  contftin  two  H<|ini}ft 
of  uneqiiat  decuriiposiliitity-— f.  g.,  ■wntoT  anri  diJuw  sulphuric  Kc\d — ito 
current  passes  thruiigli  tlivm  more  easily  w!ien  the  positive  electricity  of 
the  Tatter  is  comluct&d  into  tlie  liquid  of  least  couduL'ting'  power,  i.  c,  tt)& 
water,  and  tKe  negative  electricity  into  tbo  diluto  atid,  than  in  tbc  con- 
trary case.  (Miittcncci.) 

The  currout  of  a  sltigle  pair  of  sine  and  copper  in  water  or  dilute 
eiilptmric  add,  rs  eonipletely  alop|ied  by  three  or  four  docoinpfieing  cells 
Tvith  copp&r  pEirtitiona,  when  thi'  rlecdnipoaing  cells  are  likewieo  filled 
with  water  or  dilute  t^uif-liiiric  acid.  But  if  a  quantity  of  nitric  aci-d  bo 
added  to  tlio  Fatter,  aulKeicut  to  produce  u  slight  aetioii  upon  the  cupper, 
the  eiirrcut  will  not  be  (jreatly  weiilcened,  eveu  by  a  considerable  umnbor 
of  dccoinpoain^  celle:  tlie  coppor  will  be  niosl  attacked  at  that  part  from 
which  the  positive  plcfltricity  jiaases  fmiii  it  l«  (be  Ikiuid.  (Buff.) 

The  current  of  one  pair  of  zine  und  piatiuum  in  'Jilute  sulphuric  acid 
is  uwt  perceptibly  wcakeiied  by  tlirce  decomposing  cells  containing  dilute 
eulpburie  acid,  when  tho  ptirtttioP?  eongist  of  ordinary  zinq  plates;  but 
wlien  tlieso  plates  are  amalfratnated,  a  conBiderabte  diminution  of  power 
ensuee.  Partilione  of  copper  give  free  passage  to  the  current  at  first,  but 
stop  it  completely  after  a  few  niinutea,  probably  becauge  they  become 
pwlnri^ed.  On  turning  one  of  these  copper  plates  tQUod,  tbe  current  il 
reproduced  for  n  «liort  time.  (Fiiniday,) 

If  the  decomposing  cgHb  cuntuin  dilute  fitilphunc  acid,  the  current  is 
moat  impeded  when  the  electrodes  and  interposed  platCa  consist  of  pW 
tinuia;  thea  follows  lead,  then  copper,  then  tin,  tbeti  cadmium.    If  a 
sine  plate  enclosed  between  two  moist  conductofa,  be  placed  betvfcen  a 
patr  of  plates  of  a  roltaic  batleiy,  the  current  ia  mucb  lesd  weakened  tban 
It  would  bo  by  a  copper  plate  inttodueed  in  ft  ainiiliir  manner.  (De  la 
Rive,) — Decotii posing  cells  toutainiug  dilute  BulphuHc  acid  offer  tlio 
k    greatest  resistance  to  tlic  cutrciit  when  the  electrodes  coupiat  of  plaCinun) ; 
^uen  follows  copper,  then  xine.    If,  on  the  contrary,  thu  ci'lla  contain 
H^mmonlEi,  copper  and  Eine  prudueo  the  same  amount  of  rcaistanco. 

Vidamt  and  Surface  of  (Ac  Liquids 

If  tho  current  of  a  battery  of  100  pairs  be  pas^d  throiig:!i  decom- 
|)Oflin^'  tells  by  means  of  pJatininn  platfls,  each  of  which  presents  a  a<iuflPO 
inch  of  surface  to  the  liquid  "U  cither  eide^  the  strength  of  tho  current  is 
tlio  same,  whether  the  partitions  are  placed  at  tho  distauce  of  «  foot  or  of 
only  four  linos  from  each  other;  but  when  tho  thickne^  of  (ho  inter- 
jjy^eJ  liquid  exceeds  a  foot,  while  it*  settion  is  only  one  stjuare  toch.  (be 
cnrrent  diijiinisiies.  Const'nuently,  the  loss  of  the  current  in  it*  ptiwMage 
through  tlie  iiijuid  is  almost  lis  nothing  [or  in  other  words,  llie  length  of 
the  portion  of  li<|uid  tbroughuut  wliich  atomic  tr:in.«pi»siti"n  must  bo 
eB'cctcd,  i-)  aliuoKt  without  iiilliience],  ami  the  |iritici[i:il  loss  ia  3Ui?tii.ined 
in  tlie  pasij^jje  of  (be  electric  Hiiids  lietwecn  the  pUt^a  and  the  liquid 
£or  in  tho  deconipuiiiition  of  the  liipiid,  which  must  take  place  if  the  cur- 
rent ia  to  pass],  (De  la  Rive  ) — Paraday  likewise  foond  no  difference. 

Tho  current  passes  more  easily  wbert  the  pattilion  !3  nearer  to  the 
'    Anode  than  when  it  is  nearer  to  tbe  cjtthode.  (Matteucci.) 

Even  when  the  inletposcJ  platinum  plate  ia  nearly  a  foot  long  and 
llic  polar  wires  are  only  three  inches  distant  from  it,  gaa  is  evolved  orer 
the  wholo  Burfttco  of  tho  plationm  plate.    When  the  decompofilng  cells 
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ifHir-— •Cenaevljtmeeai  ■■ifcnHmae  tfaaMp 
W  At  iMmmmiimt;  tmmmt,  hunMn.  hj  the  mm  ^  Ncfc  •  anM 
k  liiiMii  a«ie4  vit^  tVii  vbt«  oMt  mkm.    A  lialhr-^ 

««it  af  InJ  1}  i*  prwlacad  id  ntm  aaid  ArtaJ  witk  ai  ^ 

MMUf  af  «st«-v— i«  mhitioa  of  m\  iinaae.  alalBai  mttiam  4* 
JhiMililg  cmval  lev dna  to  dilate wlphiiHc  abdT;  cUwUa  ef  pfaM 
i>  ahmaulr  Camd  aad  dMompoMd  bj  tiie  kv4n^«a.  (D«  U  Itit^) 

ff  a  enauA  Am  tiil«,  cImm  at  taUom  aad  filled  vilk  aylstiii  ^l 
■itiatt  «f  ailrcr,  M  inm«r*«d  io  a  i;lui  res^J  fiUcd  vitb  waler,  aa4af 
Uw  polar  wim  Jhinect  iiilo  carh  vessel,  olecthe  actic4i  take  |fca 
anu  uaoomjiosilion  i<n«ne«,  tlioucfa  but  iiIlhIi)  HJf 
^  wing  arolrfil  at  llie  (KMitirc  w-ire  an<i  on  tW  side  of'llic  iM 
tvnrds  the  Mtgattro  wire  (mtoxuIo  >if  diU-iT  h«ing  at  the  i"**  M 
Jl^««la(t  on  tJi«  pMitiro  win),  nad  ulvcr  hcing  rf^laml  un  the  luVM** 
wM  aad  on  tb«  »idc  uf  tho  crack  towanl^  the  pciHitive  wirv  (no  ^WtfM 
hyiivgn  tahei  ftlncc).    Th«  r.ra«k  lu-la  like  a  Holitl  couduritot,  tktv^ 
wfewh,  aa  aeeonnt  of  itn  niirrownoss,  the  ilecQtnpoaition  of  the  ti^mif 
iha  tnMufcieoDB  of  tlia  lilwrot^d  ulemeiiU  caanol  tako  pla««L  (GraUbn 

Union  o/Oppoteil  Bat(mrt, 

[Tp  the  theory  of  intf^rjinseit  ]]]ale«  lik<>uriso  Wlupg  tlie  eataa  ia  w 
tvagalrank  bHtlcrie^i  are  eoniu'i: Utl  tui^tbor  w-ilh  tlwir  platai  b  afva 
se  that  tUeir  cum-'nUi  ui't  in  o|ii)udlion  to  oaa  ■■tftlmr  la^ 
ymcatr  tii^  eicctling  o>^ll»  ur  cvich  MlU'ir  aci  as  liacuaaMaH- ob 
itbaiklher.    TEie  rcim'Dt  uf  lI>c  (>nf<  tintli'r>'  Lati  tu  onnaMMC  ^ 
I  rmiiTaniT  wbicii      liquid  in  (he  evils  uf  iht  oUnr  ImHm  ■  afciti 


ELECTROLYSIS  [  IKTEItPOSED  PLATBS. 


485 


Ha  deconipoeltion,  but  likowf^e  the  reeisiance  arising  froni  tbe  affinity  of 
ibe  electro-iioHitive  metal  of  tho  gecond  battery  fur  tlio  aoiona  of  [he 
\uid.    UnJeBH  therefore  the  intensity  of  one  of  the  currents  far  exceeds 
at  of  the  other,  little  or  do  electric  force  nppeitra  to  reenlt  from  aucb 
mbiniitiouH.    In  ov«ry  case,  it  is  out  tlte  ijuantity  but  the  it)tenaity  of 
B  individual  currents  tW  deterniiEes  tbe  result.] 
WEien  a  battery  of  four  pairs  of  zinc  and  copper  in  salt  water,  whirli 
J  itself  produces  a  deflection  of  30°,  is  oppositely  connectEid  with  a  bat- 
rr  of  four  ziuo  and  copper  pairs  in  water,  wbivb  gives  a  deflection  of 
nij  6",  liie  deflection  i?  reduced  to  nothing,    (Marisnini.)    [Tbe  ealt 
.liter  increases  the  qaantity,  but  not  the  intensity  of  tbe  current;  hence 
e  result-] 

If  five  zinc  lind  copper  pairs  A  in  cells  are  oppositely  cnnnc^tcd  wilb 
ve  oilier  pairs  B,  no  curreut  shows  itaelf,  even  though  the  plutea  to  A 
e  immcraed  in  spring  wa.t«r  «ix  times  as  deep  as  those  in  B.  If  hydro- 
loric  apid  be  then  added  to  the  water  in  A,  no  enrrent  is  at  first  apparent; 
ut  after  a  time,  a  ciirront  ia  produced  and  gradually  inereasea  till  it  pro- 
noes  a  deflection  of  0-45",  its  direction  indicating  that  the  paire  in  B 
bich  are  irameraed  in  only  a  small  ijuantity  of  water,  arc  more  than  a 
ftteb  for  the  paira  in  A^  altbons^li  the  five  pairs  A  in  water  acidulated 
ith  hydrochloric  acid,  produce  by  themselves  a  deflection  of  44'7",  and 
e  five  pairs  H  in  spring  water,  a  defiootion  of  only  l-4^  (Feehner.) 
If  two  bitterieM  of  e4}ual  numbers  of  plateB,  A  zino  and  copper,  B 
"no  and  tin,  are  oppositely  connected— spring  water  being  need  in  both, 
ia  found  to  Ijave  tbe  advantage:  the  current  even  becomoe  stronger  the 
igher  the  ccUa  in  II  nre  filled  with  water,  a  etill  further  increase  takiitff 
lace  wbcn  hydrochloric  acid  '\a  added  to  the  water  in  the  ccSls  B. 
fcchuer.)  [The  teii^^iou  of  zinc  and  copper  exceeds  that  of  zinc  and 
"n;  tbe  cell*  B  are  therefore  decomposing  cells.] 

Two  eerier  of  cups  A  and  B,  each  consisting  of  five  ctjual  pairs  of 
'nc  nml  ceppor,  ar&  c^ppositely  connected-  If  the  cups  in  A  and  B  iir«j 
fillecE  with  aprin;,'  water,  a  slight  deflection  is  at  first  produced,  but  ■^ufjn 
oeasea.  On  witlidrawiag  u  pair  from  one  series,  tbe  needle  dcviittes  ZU", 
bat  eoon  returns  to  O'"  [in  consfc^paenoo  of  polariz^ition  1]  if  tbe  circuit  ba 
kopt  closed.  The  numljer  of  pairs  in  A  and  B  being  still  fi%'e,  but  the 
water  in  A  being  niixed  with  of  oil  of  vitriol,  A  shows  a  propoii- 
deranco  nf  180°, — but  this  is  soon  reduced  to  nothing  if  tbe  circuit 
remain  closed.  If  a  pair  be  tlien  withdrawn  from  apparatus  B,  and  ngain 
immersed,  a  deilccMoi]  of  50"  [from  cessation  of  polarizatioalj  is  produced 
in  favour  of  ajiparntus  A  (sometimes  no  deflection  takes  place).  Kven 
the  mere  riiising  and  (linking  of  a  pair  of  plates  in  B  is  Eutticient  to  pnj- 
duc«  tbis  efl'ect,  though  in  ii  less  deyiee;  but  the  current  alwiij-s  evades 
after  n  time,  when  tbo  circuit  is  kept  cksed.  If  the  oella  of  B  contain 
Spring-  water,  and  tho^e  of  A  contain  water  mixed  with  oil  of  vitriol, 
a  deviation  of  Wt"  is  produced  at  the  moment  of  closing  the  circuit,  bo(  st 
is  BOon  reduced  to  nothing.  With  1  l  or  2  parts  of  nil  of  vitriol  to  100  of 
water  in  A,  no  deflection  is  produced.  With  2^  oil  of  vitriol  in  A,  a  slight 
defiectiou  is  prudiiccd  in  favour  of  B.  If,  however,  in  thie  osperinient 
the  Water  t.f  tbe  cr\h  B  be  renewed,  a  deflection  of  90"  in  favour  of  A  la 
produced  on  cloiitig  the  circuit,  but  it  tinks  to  0  after  a  minute.  Like- 
wise when  from  ii  to  2(J  p:irt3  of  oil  of  vitriol  are  mixed  witli  100  parta 
of  wfticf  in  A,  there  ia  sonictimea  no  current,  eouietimefi  a  feeble  one 
which  Soon  censes,  the  direciton  being  aomctimes  in  favour  of  the  aeid 
oclla,  aonietimea  of  tho  water  celU.— If  tbe  five  cells  of  E  contain  spring. 
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MMr,  Umm  of  A  100  vvrta  of  prater  vilh  19  «r 
Mrrral  is  apfttn-nt.  Wlmn  U<o  liydrockUrki  m« 
|4«  iledfviiou  U  lirst  IJ  ,  tli<>ii  40"  in  favour  of  Am 
*  4iftlotico  tok«e  ylxw  in  Uymr  of  tlio  water  tfawi 
•mnl  tinm  rvpMUnl.  Willi  2(»  or  25  jMru  ef  hjJimHiiii  i^ 
w  «  >lv>dM-tinn  in  favour  'if  i),  vontinn'tng  for  wiBe  ttae;  viifc  Ji  pwrf 
wM,  ft  stronKCT  dvflectiuu  in  the  same  dimAno;  Wt  ia  • 
eneriBKul  ni*<lc  in  ilie  same  mumier,  do  ciuroat  wm  iff  imi  If  tk 
CMM  •(  B  mnUin  s^priiiK  watar,  and  tliose  of  A  a  nuxiott  ^  [flV  pwtt/ 
v»l«r  villi  from  5  Ut  20  gmrts  of  nitrii^  avid,  do  caimi  t«  mfmmaett;  wA 
a  fan&  itf  nitric  nciij.  a  h>ng  c<^QtiDiiod  convnt  of  59'  iaStwutfii 
vftlor  «»lb:  witli  lti\  partj  nf  acid,  the  eamc  ronrat  boi  w^kcfL—il 
■Ml  at  thtmf  t>x|H>rinic»t«,  Clio  jilute^  of  B  inaj  be  rppliced  hr  fktmm 

AtMtti  hj  tl»>  rnrivuij  Linv^  b?cQine  etjual;  the  csmal,  wfcwfc 
y>ll>m  a^pcJU-  Ht  llir  U-|;i  lining,  simn  o*aeos.  It  a|i|HUl|  lbs.  ital 
As  dwflcfllou  i«  ^uiiK'-liiiu'^  iu  favour  uf  l.lio  aciil  cells,  aowlHMitf  lb 
VklW  wJta  >  ctiviiui!<laiii'c  wliicli  pntbiilily  an»ea  fruta  eltj^  dtmlM 
ik  ifc*  wrfiKw  uf  th*<  pUt4<8 — siiico,  wlien  I  lie  nuaitier  uf  |mn  ■  tkiM 
vwiiHil*  pRKluebJ   b-v  aciil  and  water  haw  tbo  mam  infiMT 

W^m  liijtiiJ  ia  dilute  sul^iliiiric  ac-id,  six  naira  of  one  tmi  mfft 
«n  akowi  equ»l  id  imiror  to  oino  pai»  of  uiic  and  iron.  {Poggeaim 

Jmprrftd  Pariitiont, 

WhM  a  iwrtitiou  diviilM  a  wnterv  litjuid  iiDperfectty,  Um  p»  i 
tnhevJiM).  it«  iM'o  mirj^ot^  tliait  npnu  tli'o  two  elc-ctradw, — iMvaairaf* 
tkia  of  ihvcarrpnt,  iuj^onid  a{  Krsi  p4^9iii^  into  tlie  partition.  go»imi 
tl  ihimu^  tho  liijnid  frum  mc  elt^truile  to  (lie  other. — Wb«nlW(» 
c*isb  of  line  gul vsiimiif t(>r  arc  ii(ji3iL'n»ecl  Iti  the  JiijtiiJ  on  whi<^  tli»  ■ 
<«?fMt  uaotingt  a  curn-tit  is  iiruducwd  in  iho  Mtfind  itself.  Tbiai 
ia  vtroofMt  «kMl  tbi>  cuds  of  iW^lracomctorarti  dilnatcd  ia  the  i 
Mm  b*t«4w«  llM»WtnMlo$,  ;iiid  stroller  when  thr.^y  aro  new  I*** 
«)Mi(n»)« or  tb«  other,  tli.tii  who'll  tlicvitrf  tiinrt'  iti  (ho  middia  of  tboBfat 
Uttl  ihf  curmtl  in  tJit>  jealvaiv<iiiit:tc<r  likewijie  sliuws  jttolf  vrhni  lh(  n* 
twJj  KTv  imumcw^I  at  a  vun^tdemljlt!  dijlance  fruiii  [be  etnirbt 
Wtwr»  iW  Ivo  oImIrmU^ — nliiiu^t  lliroii^lnmt  the  unhide-  llijcid.  if  il  ^ 
%w*  tM  in  i)luket«f— uul  at  a  ^rcntor  distance  fruni  tfau  i^tnifkl 
IMVMK  iIm  tare  elaetniJoa,  ia  pn>portioo  as  the  liquid  is  a  km  wall* 
wwAMQt.  (UalaiUro.) 

[TW  tiMKpaaitkm  of  ntniiirt  in  iho  liquid  proceeds  pahJy  fiun  i** 
•Itelfoda  to  lb«  otlwr  round  llio  tiuporftTl  parlitioD^  vficthrr  it  W  « |^ 
wr  R  vrirv;  aad  putljr  Uom  the  m  deFtnxlM  to  tlio  [>3rt)ti'« 
wtwao  latMl  •hrtricity  it  deootupOBeH.  causing  varicmt  pruttnctn  «f  ^ 
flMporitiw  lo  UHike  tliirir  appearance  on  its  eurfwa  wLmi  tbo  rpdi  « 
Hi*  |r»l*MMwt«r  iiv  iiuntarsvd,  ibe  latoat  dootridty  to  thm  wim  ■ 
{iv«UH|ta«4.  sad  |>rv<iJiirr<j  a  ourroot.  The  loea  oanty  Um  Li(|qi(t  eg«Mfc 
maMt  »I>|MBn  lu  ba  (lie  distanoff  betrcca  tW  liaea  in  «ltr«ili* 
Akk  thm  tMUKwftioa  of  aloms  may  take  plaoe.] 


Ma^-eincnts  of  Mercury  in  the  cirruit  of  the  Voltaic  Datter^. 

Wh<>n  niorcur)*  i*  |)Ut  into  a  U>tiib«  half  on  inrh  witl«,  ia 
aalHcitftvl  noArly  to  lill  it — rater  poured  on  the  aurf^wo  of  the 
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both  arma — and  Che  goldei]  pohir  -w'ms  of  a  voluic  bnttor^  dipped  into 
tlie  watur, — the  surface  uf  the  nipreiiry  nrnrcst  the  nfgative  pole  LrcoiiieH 
covereO  with  u^^idc,  and  remahir^  tranquil;  bur.  tlio  stirf^uce  cotmcctcd  with 
the  positive  p«le  cvolvoa  hyJrugen  giis  and  prodocea  n  diatiirbarn^o  in  the 
water,  so  tint  li^jLt  powJers,  sutih  a-a  sawdust,  or  smaJl  livminiu  of  uiiia, 
move  up  mxl  dmvu  m  it,  at  first  to  the  IwliiUi  of  an  iiii:h,  aftiTwarJe  tu 
that  of  IV  lioc, — -forniiiig  a  circiiljr  zone  when  tlio  [wisilivo  arm  ig  phiceJ 
upright,  aad  when  it  is  plac{:ii  in  a  glauliiig' position,  mlJcbting  on  iho 
oppi/site  Jtide  and  rotating  ou  tlioir  axoa  In  the  miilat  of  the  wiLter. — If 
lUi3  positive  wiio  he  made  to  tonch  the  mercury,  the  jKiwdcr  i ijiiuediately 
moves  tuiva,r»ld  the  point  of  t-ontact,  and  mttnthce  iltfcif  to  the  wire;  if 
the  wire  ha  aepaniteil  from  the  mercury,  the  powder  flieu  luwttrds  the 
eidfts  of  tlie  tti(>e  and  rt'sumes  Hs  fvimvi  uiutiuu. — If,  while  tiio  two  polstr 
wires  arc  iiiiuicreGil  in  the  n'ut>er,  a  third  wire  nnt  cooDCtted  with  the 
battery  I>q  dijiped  into  the  wator  of  the  potjitivg  arm,  it  piir^he^  the  parti" 
clea  of  the  pOwdcr  a*-ide,  anil  inoiiitiua  ihtiir  inotioUf  which  i:e!ifie»i  entirely 
afi  Aooa  aa  the  third  wire  ia  brought  into  contact  with  the  mercury.  (Ger- 
boiii,  Ann.  Ckim.  41,  lUli;  also  Gilb.  ]  1,  340.) 

The  aamc  expcriuiont  with  a  U-tiibo,  n  iguJirte^r  of  an  inch  diameter,  the 
columns  of  wut^r  and  mercury  being  two  inches  high:— TSlo  iiicrcnry  ia 
the  negative  arm  beeoiiies  Covered  with  oxide  nod  recnaiiis  lrani|bil:  that 
ju  thci  positive  ami  rises,  whili^t  the  u-atcr  itisiauates  iC6ciri)y  gudden  utartfl 
continually  deeper  and  deeper  between  the  mercury  and  the  aides  of  the 
tube,  and  then  mounts  up  again.  Powder  inlr&ilueed  into  the  water  of 
tbe  positive  arm  inovea  in  vortices,  the  motion  increOBing  as  the  water 
eink^  to  n  greater  depth  between  the  mercury  and  the  surface  of  the  glaafl. 
When  the  circuit  is  interrupted,  the  mercury  siuke  lo  its  funiier  level  aJjd 
zga,\n  comoci  in  contact  with  the  sides  of  the  tube.  If  the  tube  be  smeared 
intern^ly  with  fat  or  lyeupudium,  the  water  doee  not  sink  bstweeu  the 
iiiLTcnry  Aud  tho  glass,  und  no  motion  in  nppjirent.  If  the  positive  wire 
be  placicd  at  the  edge  of  the  tube  at  a  distance  of  only  a  quarter  of  a  line 
from  the  ineccury,  that  liquid  rises  up  ou  it  aud  leaves  it  agaip,  a-pd 
thus  givea  rise  to  continued  usciliatioug  in  both  arms.  (Erumn.) 

If  a  globule  of  mereury  two  or  throe  linos  in  diaujeter,  he  covered 
with  !i  small  ijuaniity  of  water,  ctnd  the  two  polar  wires  dipped  into  tlio 
latter,,  in  such  a  maunor  thiit  tlio  ]ioejitivic  wire  iaH.y  be  wiihiu  » ^ihovt  dis- 
tance of  the  mercury,  that  lii^nid  extends  itself  out  in  a  line  till  it  tenches 
the  punitive  wire — then  ^t^rll  ijuickly  buck  and  becomes  rounded  ou  tlie 
anrfaee— then  oxtonda  itself  in  the  direction  at  right  angl-es  to  that  of  tlnij 
furiner  extension — again  becomes  round— then  again  cxtcudcil — and  a.t 
length  €omcs  in  conlatt  with  the  wire,  &c.  \c.  These  tiioti^nB  take 
ptaue  £0  rapidly  that  nothing  \&  seen  but  a  shining  «tiir,  and  go  on  OS 
long  as  tlto  current  continues.  When  tbe  negfLtivc,  instead  of  the  poaitivo 
wire  is  brought  near  the  mercury,  ii"  motion  ensues,  because  thi)  mercury 
becQmeij  eoverod  with  osido.    (Hellwig  i  Ernian,  Poijg.  i3"2,  2Sil.) 

If  mercury  be  covered  with  a  thin  lilm  of  water,  and  the  lower  AMt- 
(axo  of  a  round  plate  of  iron  placed  in  contact  with  the  water,  eo  an  to 
adhere  to  It,  tbe  plate  being  auKpendcd  from  one  arm  of  a  balance,  while 
the  other  ami  is  Itkadcd  with  a  connterpoiso  jnat  Buffieient  to  cause  the 
water  to  riae  in  a  cylinder  under  the  plate — and  the  mercury  be  then 
connected  with  the  negative  polo  of  a  battery  of  100  pairis,  and  the  iron 
plate  with  the  punitive  pole, — the  water  which  has  been  elevated  in  the 
cylinder  Bpreads  itself  with  a  jerk  over  the  whole  surface  of  tlie  mercury 
find  pulls  the  plate  down  with  it;  but  the  plate  iiniacdiately  rises  d^uo  t 
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nearly  tbe  samB  hciglit  (w  Iwfore.    The  wa*-cr  then  moves  rootiniullrl 
nai  fro  in  the  direction  of  llie  railii  of  tlie  iron  plate,  the  memur  it! 
enme  time  acquiring  a  sli^lit  raotioii,  which  is  commanicatrd  tn 
baUuce.    On  breaking  ttie  circuit,  the  Tvntcr  returns  bo  quiick!y  anda  I 
iruQ  plate  that  the  latter  is  loosened  frgm  H. — If,  on  the  conlary, 
mercury  is  counected  with  the  positive  polo,  tho  jerk  and  the  tlilTiisioBrf 
tho  water  are  raucli  kss  conspicuous;  the  water  dues  not  moTC.  Ukdo- 
cury  bficomcs  covered  with  n  film  of  oxide,  iiad  no  anddeii  ^fpuHia 
talics  place  on  breaking'  the  circuit.  (£mian.J 

If  the  negative  wire  he  uindc  to  drp  into  mercury-  eoverrrl  with  a  maH 
q^uantity  of  water,  and  the  positive  wire  into  the  wator  nlrovr  it  nrwiii 
8ide  of  the  diah,  the  mcrcuiy  rises,  at  Ihe  moiijent  f>f  flosin^  the  nm± 
to  tlii;  heijiht  «f  thrce-t^ua Tiers  of  a  Irne  uiitler  tin?  |^>ositIvii  w  irr,  Elf  - 
at  the  gfime  time  sinking  to  no  equal  depth.  This  state  of  thin.- 
iiishes  B.  little  ^vhilc  the  circuit  rcumins  clon^^d,  and  ^uddculy  pum  aJn 
tho  original  state  as  soon  na  the  circuit  is  broken.  (Krinfin.) 

A  drop  of  water  into  which  the  positive  wire  dips,  placed  djmo  an- 
cnry  into  which  tho  negative  wire  dips,  flattens  itself  oal  forcibly  erin 
lime  the  circuit  is  closed,  and  spreads  it".elf  over  the  surface  of  tWii«- 
curjT-  On  throwing  any  fine  powder  into  the  water,  oscillating  rotmit 
art  oWrved  proceeding  from  the  positive  wire  to  the  circwmfcreow.  oi 
tlieuce  i^'Aiu  to  the  positive  wire.  If  the  positive  wire  touches  mnth 
the  hi>,'hesl  point  of  the  drop  of  water,  the  mercury  »LcqDirc9  a  contitJ 
nscillation,  and  the  water  19  thrown  up  and  down  wUli  grvM  vnAntK 
spurting  half  an  inch  hi^h  up  the  wire:  at  the  eama  time  it  <-xp«&'l«W 
rontracis  mith  equal  violence  in  the  horizuntn)  direction.  WIm-b  it 
nej^-ativf  wire  dips  into  the  water,  and  the  positive  wire  Into  tlic  OHrmi?. 
tho  latter  fluid  becomes  covered  with  n  fllm  of  oxide  which  incorierra  inxk 
th<*  motion;  the  drop  of  water,  however,  tluttetii'  itaelf  out  in  the  *inr 
maiiDcr,  but  doed  nut  contract  again  when  the  circuit  ia  umduscd.  Oil' 
vitriol,  which,  ia  eoasequencu  of  &trong>er  adhe^toij,  spreads  itatlf  *<v 
U19  whole  t<urfa<.'c  of  the  nicrcmy,  collects  rapidly  rtiuud  the  wire  «ki 
tho  ciniit  is  closed  (tlie  wire  not  touching  the  mercury)^  and  a^in  Kpm* 
itwif  over  the  surface  of  the  mercury  when  the  cirouit  ia  iaientfti 
(Snnao.] 

If  R  column  of  mercury  three  or  four  lines  in  Icn^h,  be  dniw  t; 
into  thf  middle  of  n  jrlass  tnW  half  a  Hoe  in  diunietor,  the  tube  fiUoi* 
till)  rij^ht  and  loft  of  the  merciiry  with  water,  and  the  Jiotar  Wtm  nMilr tr 
dip  into  the  water,  tho  cohinin  of  mercury  Ifecdmee  elorij^atc*!,  tbonlK 
inAiuiiatitig  iti«elr  between  it  nnd  the  srdo  of  Ihe  tnh«:  on  unoloviof 
circuit,  the  wjitor  is  again  snddcnly  projected  from  the  tnbe.  WbM  tb 
circuit  if)  closed  for  &  lon^r  time,  the  eittrcuiitv  of  Ihe  niorcurial  cafaw 
tioxt  to  the  nepitivc  pole  becomes  covered  with  a  Ulin  uf  oxida,  wbA 
brmkH  after  a  f<->w  minulcs,  and  shriTikj  up,  the  nicrrnry  apiiromcbiiifft* 
]>oI«  bv  ahout  half  A  line;  then  anew  film  of  oxide  is  formed,  andhtwA 

snd  tlio  mereury  ngain  moves  toward!)  the  npg-ntive  |ivk>  and  tv 

The  oxide  remains  nttAclied  to  the  tube.  With  mactunv-cJecUiotJ. 
nulhini;  nf  Ihe  kind  Inkes  place.  ^Rrman.) 

If  »il  of  vitriol  be  poured  upon  mercury  in  a  hasin  four  or  Are  iBf^ 
In  diamolt^r,  nnd  tb(<  polar  win?:9  dipjicd  only  into  the  wid  00  two  of^ 
ftilo  aidoi  at  the  hn^iii,  all  Ihe  ni|uid  at  the  positive  polo  ia  prwaed  faM^ 
ward*  and  hen|ied  up  nt  aimw  di.itnncr  fnini  it — forming  s  wan.  fnm  >^ 
iddio  of  Hhicli  Iwo  currrnfa  iiroreed  towards  the  posiltr*  foh, 
right  aud  loft  aluug  ttio  nides  of  tho  hauin  towanls  the  Am 
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negative  pole.  Tdo  motiim  goes  on  for  n  quarter  of  an  honr,  till  siilplmr  !« 
iifeciiiitated  and  Jicrmnulatos  in  the  diim.  Siniiliir  motiona  are  exhiljitcd 
hy  aqiii>oua  eolutio-n  of  ciirboTiatc  of  pfita.-^-k  (EmiftD,  GUb.  32,  201; 
graphic  representations  of  tlie  ccirrenta  are  given.) 

If  mercury  purificfl  by  ilifetilljitiou  and  ngitfttion  with  nitrio  arid,  bo 
placed  in  a  Woilgcwond  bcLsin,  ami  covered  to  the  depth  of  a  quarter  of 
an  iacli  witji  oil  of  vitriol,  and  the  polar  wirea  of  a  baltcry  dipped  at 
oppofiite  puinta  into  the  oil  of  vitriol,  but  not  into  the  mercury,  a  quick 
circular  niotiun  taVcs  ptare  in  the  oil  of  vitriol,  being  cauwtit  by  a  atroiig 
current  flowing  from  the  nef,'attTQ  wirOj  through  ttie  mercury,  to  the  poei- 
live  wire,  and  continuing  as  long  na  the  circuit  iftnaina  closed.  The 
mercury  remuins  briehtj  tLiid  the  qtiantitiea  of  acid  decomposed  and  mer- 
cury dissolved,  are  hut  eomll.  A  mass  nf  mercury  weighing  from  400 
to  500  grains,  Btretches  itaelf  out  towarda  tlie  ui^frativc  wire,  and  if  tho 
wire  is  Tiot  too  far  off.  reiichea  and  amalgamatee  it.  A  amaller  quantity 
moves  with  violence  towards  the  iiepiitivo  wire,  and  uttachcs  itiiolf 
thereto. — Even  when  tho  tilia  of  oil  of  vitriol  is  very  thin,  the  motion 
■till  takes  plaqy,  iind  tlio  film  becomes  euiJitiently  thin  to  eikibit  splendid 
prismatic  totours, — In  all  tlieee  cases,  the  motion  of  the  oil  of  vitriol  pro- 
ceeds from  that  of  the  mortury;  the  particles:  of  the  former  which  touch 
the  mercury  htq  riipidly  carried  along  ite  surface,  and  draw  the  moro 
distant  piirlicles  after  them.  This  niotion  of  tbe  mercury  consists  in  a 
Continued  radiation  of  the  superficial  particles  from  the  point  which  is 
neurest  to  tho  nefrative  wire,  tbe  partiolea  being  cRrried  alon^  the  sorfaco 
to  the  positive  wire^  and  returning  along  the  axis.  The  resistance  which 
the  bottom  of  tLe  vessel  offers  by  friction  and  adhesion  to  the  motion  of 
the  liquid  from  t]ie  negative  to  the  positive  wire,  causes  tlie  apprortoh  of 
the  globule  to  the  negative  wire.  In  n  smooth  glass  dish,  therefore,  X 
mans  of  mercury  showa  BcrLrcely  any  inclination  to  approach  the  negailvu 
wire,  atthouj^h  the  currents  are  equally  strong;  on  tho  other  tuind.  tfdc- 
nibly  large  gtobulea  of  mercnry  may  bo  kept  on  a  dull  gronnd-gltias  plato 
incliijcd  towards  the  positive  wire,  without  running  off  — When  ihe  mer- 
cury U  covered  with  a  film  of  oxide,  the  motion  takes  place  under  thia 
film,  and  leaver  the  watery  liquid  at  rCat:  but  it  may  be  detected  by  the 
formation  of  ridgeSj  which  often  heconie  very  long,  taking  the  direction 
of  the  ]H)]ar  wire  and  following  all  its  motions.  In  other  cases,  when 
the  film  of  oxide  is  very  thick,  the  mercury  fliitteiie  iteelf  more  aud  more, 
anil  the  aupcriicial  current  goes  from  the  circumference  to  (he  centre — 
the/mtenial  current,  from  the  centre  in  all  direction^!  to  the  circumference. 

The  motion  is  jjtrongcat  along  tbe  atraight  line  between  the  two  wires — 
but  is  perceptible,  though  in  a  filtghter  di>grce,  at  a  considerable  distanco 
from  tJiat  line.  Thia  becomes  cviilent,  when  a  few  drops  of  mercury  are 
situated  at  the  bottom  of  the  oil  of  vftriol,  those  beyond  tbe  line  joining 
the  wires  being  agitated  as  well  as  tho^a  on  the  line.^The  rapidity  of  tho 
motion  aeeniii  to  depend  upon  the  quantity  of  the  current-  Ncvertheleiw, 
tbe  cnrrcnl  of  a  battery  of  ten  thin  Einc  and  copper  wires  in  dilute  nitric 
acid,  ia  sufficient  to  give  motion  to  niereurv  under  oil  of  vitriol.  The 
motion  is  even  eicitcJ  by  the  current  which  is  produced,  when  merely  the 
extreme  pointa  of  a  pair  of  itnc  and  copjier  wires  are  dipped  into  dilute 
nitric  acid,  with  which  a  glass  is  wetted;  in  that  case,  however,  the  polar 
wirea  must  he  plunged  into  two  deep  baUis  of  mercury  at  tho  bottom  of 
the  oil  of  vitriol,  and  placed  riyht  and  left  of  the  globule  of  mercury  1o 
he  moved — so  that  a  large  surface  may  be  offered  for  the  passage  of  tho 
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olectrieity.   The  apjiroacii  of  atrc^ng  magoot^  has  do  eflect  on  Uio 

(Horeeliel.) 

If  two  drops  of  a  watorj  UquIiI  he  plac«d  sepanle  £rom  one  i 
on  the  syi-face  of  mercury,  and  ttie  polar  wires  dipped  intq  ibcm , 
more  di^cuil  to  iiiimtLge  with  utl  of  vitriul  thsa  wiXh  vXhuf  lit^i 
Sfcoimt  of       strong  lumoston  to  the  iiiorcurj);  the  cuutioD  if  confil 
i\ie  yorl'Mua  of  niercury  corered  with  tLc  liquid,  but   tat«f  Jibw 
4  Similar  uiaimi^r.  (Heracliol.) 

Merpury  likewise  slmws  ciirrenta  ander  otter  aciJ«,  tlie  inoticm 
more  rapiil  as  tie  acid  is  strongor  ami  mo're  concentrated  ;  tljey  likv 
jui|iMt4>  floiti  tlie  puint  neatest  to  tlifi  negative  wire,     Tbe  aatue  cat' 
^re  oWrt'cd  ill  saliti'i!  tolutlouy,  but  weaker  as  the  ItHM  of  tlie  »lt 
stronger:  hence  they  arc  wcftkcst  aadet  taltft  of  poUuh,  ^trott^er  u- 
tUts  of  ammonia,  soda.,  hctryta,  atrontiaj  ^rtd  lime;  still  &|.roo^i;r  u- 
BoitB  of  niagncsiu.,  aluminn,  nnd  tbc  beary  melaU.    In  aijucuue  aoia' 
of  tilt  alkalia,  mercury  remains  quiet,  provided  it  be  not  toiirbe*!  l>y  ei 
of  the  polar  wires,  [vid.  seij.) — In  eululiona  of  nitratds,  brsiil^s  (be  ca 
jtrciL'cediiii,'  from  itic  negative  wire,  autither  current  is  oliscrvcd  pr 
nig  frfhm  the  positivo  wir-e,  and  ih  often  stronger  than  Uie  fomier. 
twecu  these  two  uppii^iU;  currents  u  zone  of  eciuilibrmu  is  uhr 
fiiomctitimti'  n(Siircr  to  tie  positive,  somotiniEua  to  the  negrktivu  wita.  Ttt 

fiositivc  coti iLtur-ourrent  itiiLj  likewise  be  obtamcd  iu  most  other  waXtej 
'\<[\iU\s — or  at  least  an  indication  of  it — when  tho  quantity  of  umrcan ii 
Considerable,  the  soliitLoa  dilute,  the  ueg:iiivG  wire  at  same  tlistaiiM  am 
tho  ruorcury,  uad  the  pusitirc  vrirc  close  to  it.  If  olld  polar  wire  Ioue1« 
^hc  uicreury,  a  current  proceeds  ouly  fruoi  the  oChor — aiid  this  ouriMl  » 
etrougcr  than  iu  tho  furintir  ca^os.  (Herschet.) 

Wheu  tlic  positive  wire  dim  into  the  watery  liquid  aud  tho  ni^xlin 
wire  into  the  m&rcory^  the  fa-ttcr  hecontoa  anmlgatnatod,  the  ntcnit; 
renmins  bright,  and  its  current*  are  visible  to  the  nuked  eye  If  on  llf 
contrary,  the  poisitivu  wire  touchos  the  mercury,  it  oxidiUes  mt  tjuicki/ 
that  t\m  ciirrcnis  ciiubut  bo  seen;  but  a  &udden  aj^iLHliun,  jtrucoediuj;  bat 
tho  niilo  at  which  the  ne^ntive  wire  is  placed,  fotlon  cd  by  Hntlouiug  of  lb 
globule  aud  the  foruiittiou  of  protuberances,  »howa  tht^  exi^'~ 
f:urrontg  under  tbe  film  of  oxide.  Tbe  currents  likowiso  Uecuiiia 
when  the  coat  of  oxide  is  removed  by  li  few  dropa  of  nitria  acid. 
BcheL) 

Bjrpetimuli  K'llh  a  globule  of  in&fvtirff,  ioeujiiinij  400  ffrauu, 
uiid^r  notu'.ioH  of  siiJjjhitiA  of  «odfi.  If  tbe  two  polar  wirc9  mcrvlr  i 
the  aolution,  a  current  proceeds  from  tbe  negative  wini  only.  Jf  Jot  w'tn 
iw  placed  merely  for  an  instant  in  coutiwt  wjtli  tbe  nicrenry  (whereby  • 
traee  of  sodium  is  separated  and  couibinL.-;  with  the  mert-ury),  tai  b«lk 
jHklar  wires  be  then  immersed  in  the  solution  onl}',  tbe  itogntivo  amnt 
will  be  acuonipaniei]  by  a  positive  count cr-eorrent  of  smiklTer  r&tent  W 
STCaler  velocity.  Between  theeetwo  currents,  a  wall  of  Hfiuid  i«r»ia»Jo 
Ihfi  direction  of  which  osidc  of  mercury  is  coutinnalty  driveu  frttn  tk 
HO^tivo  wirey  tiiid  dijuppeara  a^aio  as  last  as  it  \6  fornieU  ou  tli«  ndt 
the  wall  nest  to  tho  positive  wire.  The  poeitive  counts r-curmtl 
robably  caused  by  tlje  repulsion  of  tliti  elt^ctro-puHitivo  sodium  b; 
""tiv'o  electrieity. — If  the  uE'giitEve  wire  be  left  for  some  lime  io  oal 
ith  tlie  mercury,  and  then  separated  from  il.  the  ucgniive  rujT 
1>econiei«  iniicb  le«8,  aud  the  positive  much  more  vxlendi^.  \Vk«a 
aogativQ  wire  t«  left  for  it  etalj  lunger  time  in  cvutuit  witli  ibo  mcrcBi> 
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ami  then  both  wires  m&ile  to  dip  into  tlie  eolation  without  touching  the 
merfiury,  the  nejj^aLivo  cOrront  ceases  altog^lhor^  and  there  remaiuB  only  n 
regular  circular  tiKjtion  thtTiiighuut  tha  wholg  gluliitlc,  from  tUe  ^iJe  of  the 
pcrsitivc  to  tli.it  of  tha  negativo  wire. — After  a  Hill  longer  cotitiict  of  the 
negative  wire  with  tlic  mercury  (whereby  the  mercury  hccamca  moro 
strongly  chartied  with  soalimn),  if  the  two  wires  are  iinincMed  in  the  solutioD 
ouly,  piirtiKlea  of  mercury  rafliftte  frooi  all  poinld  towanls  that  pii-rt  of  the 
mercury  which  is  nearest  to  the  iiegntiva  wirr-^the  force  with  wliich  tliey 
are  Jmwn  towards  thie  wire  appearing'  lo  be  greater  than  that  with  which 
ihey  are  n-peiled  from  the  positive  wire.  If  the  distance  between  tho 
positive  wire  ami  the  mercury  he  then  iucrcased  liy  the  BRitdlcst  poasiblo 
quantity,  and  the  necfative  wire  hrcmght  close  to  the  mercury  (hut  without 
touchiui^  it),  ii  film  in  the  furin  uf  ii  circular  spdt  i&  fonnea  immediately 
undur  the  lutter,  aud  fulhtwt;  tlie  moliona  of  the  meroury.  When  this  £1in 
is  removed,  the  mercury  is  driven  with  violence  ag^aiuet  tho  wire,  eoinctimcs 
springing  up  to  the  height  of  0'2  orO'3  of  an  inch. — When  a  enaall  quantity 
of  soiliuni  added  to  pure  inercnry,  the  mercury,  even  though  nut  tuachcd 
by  the  negative  wire,  eihihits  tho  fioeitivo  counter- current, — and  this  cur- 
rent is  stinn^^er,  tlie  greater  the  (ju^ntity  of  sodiuni  niMed.^Wlico  uiereury 
amalgamated  with  Imodium,  either  hy  contact  with  the  Dega.tive  wire,  as 
above  described,  or  hy  direct  addition  of  the  eodluiu,  is  kept  for  some  time 
in  the  current  (the  wires  dipping  into  the  oolution),  itparlswitb  it^^edium, 
ami  rtjooverd  its  former  property  of  exhibiting  the  negative  current  only. 
If  the  mercury  which  liits  been  in  contact  witli  the  negative  wire,  be 
connected  with  the  poBtlivc  wircj  whilst  the  negative  wire  in  made  to  dip 
only  into  the  solution,  rapid  currents  are  at  first  produced,  proceeding  only 
irotn  the  positive  towards  the  negative  wire.  Gradually  however  cnr- 
reiita  also  ari^c,  pnirceding  from  the  negative  wirn,  and  c^lcud  themisolvea 
by  degrees,  till  the  zone  of  ec|uilibrlnm  reaches  that  part  of  the  mercury 
wliich  Ih  neatest  to  the  positive  wire.  At  the  same  moment,  tho  mercury 
in  the  neighbonrhood  of  the  negotive  wire  hegina  to  oxhlate;  and  after  a 
while,  tho  whole  o.f  the  mercury  becomes  covered  with  a  Ihiek  film  of 
oxide,  which  however  diaappeara  again  completely  when  the  action  of  tho 
current  has  been  rotitinufd  for  a  longer  time.  (Herschcl.) 

If,  while  tho  mercury  ia  covered  with  the  tilni  of  oxide,  its  connection 
with  the  positive  wire  l>e  broken,  so  that  both  wires  may  remain  iminersed 
in  the  solution  only,  mdiatioii  commences?  from  the  negative  wire,  breaking 
through  the  edges  of  ihe  film,  lulvancing  towards  the  positive  wire,  and 
then  ceaeing.  Upon  this  the  negative  radiation  coasee,  and  after  nioumu- 
tary  f^uiescence,  a  rapid  current  sets  in  frwni  the  positive  wire. — The 
mercury  in  fact  takes  up  eodiuni  hy  contact  with  the  negative  wire; 
Bubsdijuently,,  by  contact  with  the  positive  wire,  it  becomes  coated  with 
oxide,  while  tbo  internal  part  etill  contains  sodium  (for  even  whan  tho 
cirotiit  \ii  interrupted,  the  Blui  of  oxide  di^Lppeara  in  conssiqacnce  of  the 
Bodiiim  contained  in  the  interlur);  if  the  positive  wire  be  then  withdrawn, 
the  oxide  is  reduced  by  the  stHlium. — The  euper&cial  portion  of  the 
mercury  tima  freed  from  sodium  is  carried  by  the  current  from  the 
negative  towards  the  positive  wire,  fresh  sodium  paasea  from  the  interior 
to  the  surface,  and  is  removed  from  the  mercury  by  reducing  the  oxide; 
the  mercury  is  then  driven  towards  the  positive  wire — and  so  on,  till  tho 
film  of  oxide  is  wholly  decomposed.  ThcK  now  rcmaina  mercury  con- 
taining a  little  sodiuoi)  and  couset^uenlly  the  positive  current  ia  pruduced. 
(Herschel.) 
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platinum  not  at  all)j  the  oxide  disappears  qiiicltlj  itt  tlie  point  of  contact, 
anJ  that  wLlcb  is  at  a  ^eatcr  diatuuce  ftom  tliia  point  flows  liiiiickly 
towanls  itr  nmt  di^approra  iii  Hke  mantier.  (Herscliel.) 

Eirpfriiimifs  ii>i(k  mercitryi  under  Bolidlon  of  nitrate  of  capper.  WLen 
tb.o  positive  wire  toiiclics  the  mercury,  a.  current  is  protliiced,  prnccotlin^ 
frotci  tlie  side  un  whii-h  the  iiegiitiva  wire  iu  plnced.  This  riii-reitt  still 
contiaiiea  with  alight  furce  after  hoth  wiroa  have  been  c((nii)lLrtely  ro- 
ni^jveil :  itevau  becomes  gmJuJiUyatrongcr,  and  drives  tho  film  whicli  haa 
lioen  furnied  daring  etectruIiz.Ltiou,towiii-db-  the  place  at  which  the  positive 
wire  was  bitiinteil,  m  that  oxide  AL'eutiiiilato.s  there  while  the  opposite 
BLrfaco  remaina  bright;  at  length,  the  current  whiiih  proceeds  fcom  the 
negative  side  hecomea  very  violeiit,  and  tbiH  epoiitaneoua  m-oiioti  oft^n 
contiaue^  for  a  longtime. — If  the  nefrati\"e  wire  he  made  tu  touch  the 
mercury  for  un  limiant  at  twl^  opposite  points  in  sueoeaaion,  while  the 
potjitire  wire  twuches  the  solution,  ouly.  aud  ht-th  wirea  be  then  removed 
from  the  liquid,  these  two  poiutji  furni  centres  from  wliieh  spoiiiaiieaiia 
■currents  iseuo  eimultaneoiisly.  If  the  posilivfi  -wire  be  left  in  contact 
with  the  inerfiury  (under  nitmte  of  coppori)  till  a.  film  of  oxide  baa  been 
formed,  and  the  current  then  mitdw  to  puss  through  the  Hijuid  only,  the 
film  of  oxide  is  driven  toivards  the  punitive  wire  by  a  violent  current 
proceeding  from  the  negative  wire.  If  the  circuit  be  broken  after  a  time, 
tho  motion  continues  Btill  longer.  If  tlie  mercury  be  agitnted  during  the 
motion,  eo  aa^  to  jicattor  the  coating  formeil  uear  the  positive  wire,  spiral 
currents  lire  produced,  moving  towards  every  piirticlo  of  oxide  difrnsetl 
over  the  eurfjice, — the  liquid  being  thrown  into  a  state  of  tremulous  motion, 
till  the  film  of  oxide  bccoines  reunited,  and  a  mure  uniform  motion  is  pro- 
dticeil,  (Huracliel.) 

When  the  mercury  ia  impure,  very  auomalouB  appearances  are  often 
prodnred. 

Fusible  metal  melted  at  the  bottom  of  a  boiling  solution  of  sugar, 
exhibits,  motion  with  predominant  rn.dia.tion  from  the  positive  wire,  when 
the  poliir  wires  are  ninde  to  dip  into  the  solution;  when  the  Augar  ttola- 
tioii  eontain.s  phosphorie  acid,  the  mixture  exhibits  negative  rotation  like 
pure  mercury.  (HeraclicL) 

Thirty  globules  of  iiierfury,  from  10  to  100  grjina  iti  wei;^lit,  placed 
in  a  flat  glass  dish,  at  the  bottom  of  a  solution  of  one  part  of  sulphate  of 
potash  in  2000  piirts  of  water,  iu  which  are  immersed  tho  polar  wiroa  of 
a  battery  of  lOOO  pairs  of  pliitow,  lengthen  theniaelvea  owl — to  a  greater 
extcut  iti  proportion  as  they  are  tieurcr  to  the  line  joining  the  polar  wires 
— and  approaeli,  eerae  to  the  positive  wire,  somu  to  the  positive  pole  of 
the  neighbouring  globules.  No  hydrogen  gae  is  evolved,  but  oxide  of 
mercury  movefi  with  violence  from  the  positive  to  the  uegative  poles  of 
the  Bcveral  globules.  The  udditiua  of  hydrochloric  nuiJ  to  tho  eolutioa 
etoj»s  the  motion.  (H,  Davy.) 

E]-perhft*ntt  with  mtrcHry  Wider  talU  of  ammmia,  pt/tetak,  haryiOj 
ttroniiu,  carbonate  of  potash,  sulphate  of  loda,  or  nUre.  When  tho  polar 
wirea  dip  into  the  goCntion  only,  the  mercury  moves  with  porreptibla 
elongfition  towiurd*  the  positive  wirei.  If  the  positive  wire  dips  into  the 
mercury,  that  liqniil  shrinks  lugclher  slightly  at  firj^t,  then  becomes 
covered  with  oxide,  and  fprcnils  iteelf  out.  If,  on  the  coutrnry,  the 
negative  wire  dips  into  tbi?  mercury,  a  sudden  flatteoini;  i*f  the  mercury 
is  produced,  and  a  visible  current  is  formed  over  its  surface  from  llie 
positive  towards  the  negative  wire,  then  right  and  left  back  again 
towards  the  positive  wire.    If  the  negative  wire  he  now  withdrawn  from 


AHU  i^f^p^  tta  of       hat  4enlcip«d  hj  Uw  MiM  rf 
[wo  ele^ncibn,  s  ^mLn  ({untitj'  ie  rvtained  ia  »9t»te  of  mtiail*iB» 
UnativD  W  wat«r  (h&n  bj  oxide  of  aae.    Willi  llus  is  eooBCvtoi  tht 
bet,  (lut  D«&1  ia  «rolve«l  doting  ibe  fDlntiba  of  tine  in  flilnte  vik 
Unw.  occonling  to  ibe  tKwiy  ilrrtJy  laid  Jown,  itiia  drvHoptncat  of 
rjinuot  kHm  frnin  the  c»BibtnatioD  tA  Uie  Iwo  el«ctririli:o«;  for  iW 
tiuii      irni-  tn  ncicts  14  ftUendnl  merel/  with  a  iranafcrrn»^  «4'  acfstiw 
elucirivlty  rnnn  Umi  sine  to  tlie  hrdrog«-ii  (p.  343,  r).     Part  of  Dm  bt* 
tliui  Ovolvc'l  ili>nht]*M  &riM«  ftom  tbe  comliinntion  of  U>«  vulpfaark 
wiLli  the  kxIiIk  uf  stac  prMluccd;  but,  on  tbc  other  hxTxl.  a  )mri|v  >{naun 
«f  lirjit  iiiu't       rendered  latent  from  two  immb; — tirst.  bC'eattiK)  tba  ait- 
D'liiiric  oLiA  wliirti  (Combines  with  tbe  oxitte  of  xinc  is  M){)anU<e<l  froaiH 
ii)  of  LiitiniAto  union  witli  the  water, — and  eecondl^,  boeaoae 

fui  wbirb  (Mcnjii^e  runili'm  liitvnt  a  oertUD  quantity  of  hi&l  of  flaiiinL 
ooeu  tho  ilovolu(>iiit>iit  uf  bout  miuit  be  attributed  niatnlj  tn  Um  wif* 
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of  the  combined  boat  either  of  Hip  line  or  of  Ihe  water, — A  similft-r  «to- 
lutiou  of  [ii£?iLt  likewise  ta-kos  pliic^  wh^n  z'tnc  ie.  pliteed  in  coiilnot  wf(h 
cojij>cr,  &c.  Uente,  in  simple  tjalranici  circles,  a  rise  of  temperature 
geiierqllj-  tukes  pla<-'e,  both  in  the  mfetftls  and  in  tJio  liquid.  The  evolu- 
tion of  lieat  must  bo  thf  ffume  fnr  a  given  quantity  of  iioc  oxidated, 
whether  llie  oxidatioi]  ttikea  pkce  by  ordiuftry  or  by  electro- chi>mic ill 
attioti.  In  the  Utter  case,  however,  it  niUBt  he  oheweil  that  the  hydro- 
gcH  receiver  ita  iiegiilive  electricity,  not  from  the  zinc  but  from  the  cop- 
per, the  latent  electricity  of  which — 1.  c.  itw  ealftPiP — is  deeomposed,  and 
thereby  diniiniabed  in  qufitititv, — -and  that  the  lihemterl  positive  elec- 
tricity goes  fruin  the  copper  thfou^b  the  connecting  wire  to  meet  ihe 
iiegative  electricity  of  the  zinc,  and  fombines  with  it  in  the  Bine  to  form 
heat.  The  greater  therefore  the  quantity  iif  heat  gencRiti'd  in  the  zinc, 
the  uraaller  will  be  the  eToliition  of  heat  in  the  celL  The  cinatitity  of 
heat  cvolvcfl  in  the  cell  wou]<i  thereforp  increaflo  as  tlio  ronrluc litijr  poTPer 
<jf  the  wire  diniiiiifilieft,  if  the  osidation  of  the  zinc  could  tht-n  go  on  with 
equal  rapidity;  hut  sinee  the  oxidation  of  commoD  xinc  is  rt?lorded  under 
such  virctimslanets,  and  tha.t  of  amalgaTUBtcd  zinc  almost  wholly  arrested, 
the  cniitrtiry  result  ia  obtained.] 

If  an  anmE|[;aniatod  itiuc  plate  and  a  siUcr  plHtG  platinized  by  Smec's 
method  (p.  41!)),  are  iinmeraed,  in  2  lb.  of  dilute  sulphiiric  acid,  and  pro- 
duce a  current  in  a.  thick  conducting  wire  of  Bufllcieot  force  to  dcconipoae 
9  pniina  of  water  iin  an  hour,  iho  temperature  of  the  2  lb.  18432 
grains)  of  liquid  riaes  4'7°  Fah.  in  an  hour.  If  from  this  we  deduct  the 
heat  devetiiped  by  the  combiuation  of  tbc  sulphuric  acid  with  the  oxide 
of  zinc  produced,  there  remains  2'1^  Fah,  for  the  rise  of  temperature  dua 
to  the  current.  (Joule.)— [18*432  x  2-J  =  3S70T-2,  Conseq^uently,  onfl 
praia  of  water  would  be  heatoJ  3S707-2^  Fah.  or  21.^04  C.  At  the 
same  tiuie,  since  the  current  aC^titif:  for  an  hour  decciniposcs  9  grains  of 
water,  a  grains  of  oxygon  aro  Irnnsfei-ted  to  llie  zinc  :  ' '  -  2n88j 
while,  therefore,  I  part  of  oxygen  hsLS  been  transferred  from  the  hj'ilrog'ea 
to  iho  liinc,  a  q^iianlity  of  hent  has  been  evolved  in  the  trough  sutlieicnt  to 
raise  the  temperature  of  I  part  of  water  by  2688  C"  or  '  Fah.  Sinci 
the  two  platea  were  united  by  a  thick  wire,  which  allowed  the  nogutiv^ 
electricity  to  pjuw  withont  hindrance  from  the  zlno  to  the  copper,  the  Iie.i6 
evulved  in  the  wire  may  be  rci'-koned  aa  nothing-,  The  difl'oreiite  in  tlitf 
quanlitiea  of  heat  evolved  in  the  combination  of  1  part  of  oiyyen  with 
einc  nm!  with  hydrogen  respectively  is  <529U  ~  300W)  —  22H0.  The  cx- 
|ierinientju3t  described  giLve  2688;  this  cicess  arises  from  the  cirenni- 
atance  mentioned  by  Joule  liimsclf,  that  a  small  quantity  of  zinc  wai 
oxidated  by  ordinary  chemical  aclinii. — In  a  second  es|H3rimcnt,  in  whicli 
the  two  plates  were  placed  only  half  an  inch  instead  of  an  inch  apart,  tha 
rise  of  tcniperatiiro  in  the  liquid  wb*  — or,  after  deductin';  ihe  lieai 
developed  by  the  combination  of  oxide  of  zinc  with  fiulpliuric  acid,  l'N5* 
Full.  [The  greater  proximity  of  llifl  plates  probably  diiuinUlii'd  Ihd 
ordinary  chemical  aetiou  CalcuSalion  as  above  givvs  for  every  I  part  of 
oxygen  which  combines  with  zinc,  a  n.-je  of  temperutiirc  in  I  purt  of  w  ater 
amoinitinp  to  2308  C,  whitli  agree*  very  nearly  with  the  quantity  of 
heat  developed  by  the  'nidatioTj  of  the  zinc  ] 

[Joule  esptiiins  the  development  of  beat  on  totuUy  different  prin- 
oiples,  but  appears  not  to  be  aware  that  in  hia  calculations  be  liaa  taken 
the  qunntlty  of  tha  curreQt  for  tta  intotisity — a  Diietako  of  frequent 
MCHrreuce.] 

Grove's  battery  gives  mtnilar  results.    When  the  oirwJit  u  oloEcd  by 
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tbe  paekirr  Pib( 

^/maan  «f  b«rt  i  wiii  ■  with  w  »«•  of  oxTno.  « 
Ae  ae^atm  p^,  w  aton  if  kHngn  taka  sp  tbe  fiOI  qaaaArd 
dectiidlT^,— 4be  beit,  ^kb  wv  bcU  in  »  «toto  of  ca«lM> 
iwi  by  tbe  attm  if  ntor  rwu  in  ib«  li^qij  m  tbc  bi 
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Tn  gaU  tmfK  m^'mmg  w«tar  an  eanested  by  ■nliont—,  mJ  ^ 
— B  rf tbe  cBgB»  ■  wbiib  tbapo^dn  win  of  m  Wttoy  of  |oo  n»in  « 
•fa8nlBtMBifsd|ibBtaorpatoAis)t-t  IkU:  tbitM^ 
iata       a^^/an  mf,  ami  iha  vmu-r  U  lued  * 

itotbe'  ' 

Ipknie  of  .  .  

IfnAatin^  m  Unag  oaiit  ami  ■  sbito  itemi,  ami  tbe  ntoAtniBr  nitatr  d 
tokcs  file— Wbm  om  of  tbe  en  otaUtaa  atrwif  iotaUo  ^ 
ami  tbe  otbn  oil  ef  Titiial,  oaijr  a  a^gbi  ekratiiMi  fkf  fWiiiiMiiii 
pndneea.  (H.  D»tt.) 
\Vhta  di\vtt  Ealfibarie  acU  ii  decoafOHJ  by  GroTe*a  batteir.  ^  » 
«o(irert«d  iato  oil  of  Titriol,  aikd  Wie— w  »  bol,  tbst  wooj  fimeti aaifi 
tbv  twa^  «bicb  nnluaa  it  is  cbaned,  (Grov«.) 

Ib  lb«  «lertiuljaii  af  a  wateiy  lt>iaid,  greater  riae  of  if^^yOTW 
takes  pkM  at  ibe  peaitiTV  tbaa  at  tbe  aegsU^e  (wtc, — becaua  1m  gm '» 
•Folnd  at  Ibe  fanaer,  and  tbenlpra  fe»  Imt  !■  rcsdered  latent,  lb 
Bafb«lHgnat«rvbiaiAeU<)iu>]  is  JiriiM  into  «  oiutiUri' 
|MrU  by  ponas  bodiw,  lacb  aa  aM^WWi.  Imodka  af  tlmaJ, 
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&c.  Tbo  liquid  in  a  bundle  nf  cotton  fibre?  \b  more  etroDgly  heated  tb&n 
tliar,  fon taioE'd  in  »  g\ass  tube  »f  cqnnl  irldth  and  length;  fur  the  cells  in 
ivliieh  llifl  liquid  is  enclosed  retard  the  transmissjoi]  of  the  electricity.  If 
the  polar  wires  are  ineerted  into  tlie  extreniiues  of  a  cutting  of  a.  water- 
plant,  the  water  near  the  wires  rises  to  the  boiling  point.  fDe  la  Ktve.) 
[Experiraeuts  of  Preacott  Joule  {fMl.  May.  J.  260).] 

Technical  Applications  op  Galtajtism. 

I,  Gftlvanic  Precipitation  of  a.  tbip  Layer  of  one  metal  on  tbe  surface 

of  snotber. 

Tiiis  prore="9  may  he  perfomncd  upon  silver,  braae,  or  copper^  but  not 
upon  iron,  Tlio  ap]iaratus  fotisiets  of  a  hiladder  containing  dslule  acid,  in 
"which  nnc  13  imineracJ,  and  a  jar  witbin  wliicli  the  bladder  ie  placed. 
The  jar  contains  llie  aoliiticm  of  ^;llld,  tt>^t'thcr  n'iLh  the  metal  ti>  be  gilt, 
vbich  is  coiiuorted  hj  a  wire  with  the  xinc.  [The  gold  Holutioti  and  tbo 
metal  to  be  gilt  mny  tUso  be  placed  within  (he  Ijladder, — the  illtitle  acid 
and  a  rylindrical  eIuc  plate  siirnmudinp  the  bladder  being  placed  in  tbo 
outer  veasel.) — The  more  dilute  the  acid,  the  feebler  m  the  current,  and 
the  better  iloes  the  fi-ibling  go  on; — e.  g.,  six  drops  of  acid  to  a  g^loss  of 
^atcr.  Sulphuric  »cid  iu  used  fur  Bilvor,  nitric  acid  with  copper  or  brass. 
— Tbe  gold  Eolution,  which  is  made  as  ocutral  as  possible,  contains  3  niil- 
llgranimea  of  gold  in  a  eubic  centimetre,  aud  therefore  one  gramme  of  gold 
in  a  litro  (.about  'Z  poundfi).  A  weaker  solution  glvee  a  darker,  aud  a 
solution  contaiuing  popper  iriiited  with  tlie  guld  a  reJikr  gil'ilug, — ^Tbe 
metal  to  be  gsU  must  be  eitbor  polislied  or  merely  clflancil,  Iti  tbo  for- 
mer caae,  tbe  metal  takea  tbe  ^ildiuw  more  readily,  aad  tlx?  gilt  jturfacO 
ba^  a  much  greater  lustre,  vaA  metely  requires  rubbiog  with  fine  linen  or 
■witli  leather  to  jifiTe  (t  a  very  high  degree  of  puliah;  in  the  latter  easBf 
the  gilding  i'i  takon  slowly,  bos  a  duller  snrfiiL-e,  and  recjuirca  to  ho 
rubbed  with  the  burnishLiig  steel.  I^itcdAiIver  takes  a  finer  gilding  than 
that  which  has  uol.  bocii  igiiiled. 

Tbe  /me  \a  attan-hed  to  a  thick  copper  wire,  and  thU  to  a  silver 
or  platinum  wire,  whinh  toucbca  at  one  point  the  metal  to  he  gilt:  this 

{loint  must  however  he  changed  from  time  to  time,  otherwise  no  gold  will 
>e  depogilcd  tipoii  it.  Before  the  gibling  process  is  eouimcneed,  the 
metttl  \s  dipped  Into  dilute  aeid  to  free  it  from  all  iiJipiiritiee, — silver  in 
aulphurie,  copper  and  bmsa  in  nitric  acid.  If  the  zinc,  contained  in  a 
bladder  ^lled  with  the  same  acid,  be  at  the  same  time  ininiersod  in  tbo 
liquid,  iLe  gas-bobbles  evolved  on  the  surface  of  tbe  silver  or  copper  will 
aerve  to  cleanee  it  still  more  effectually. 

After  this  the  gilding  19  commenced.  The  bladder  with  the  sine 
teing  first  placed  in  lliP  gohl  solution,  tbe  circuit  is  closed  by  immorsing 
tbe  object  prevlou-sly  metallicnUy  connected  with  the  iino.  The  metal 
to  l}e  gilt,  especliiHy  if  it  be  silver,  must  nut  be  left  for  a  niomeat  to  (ha 
gold  solution  without  galvanic  connection. — otherwise  it  will  either  not 
be  gill  at  all  or  tbo  gilding  will  bo  very  bad.  If  therefore  the  inMde  of 
%  voBsel  is  to  he  gilt,  the  blailder  with  the  acid  and  zine  being  suspender! 
within  it,  the  gold  soliititai  must  be  poured  into  the  vcsdel  down  the 
Bides  of  the  bladder,  so  that  galvanic  conoection  may  be  immediately 
formed.    The  galvanic  current  niu&t  be  so  weak  ihut  t^ciir^^'i'ly  any  gaa 
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solution  of  nrdlnary  ferrocyaniil'O  of  potaesiumand  couimou  Ealt ; — colutiftQ 
of  coniinon  anlt  alone  atta  more  C[uii'kly;,  but  fnr  jjildinff  silver,  the  eotoliffo 
must  not  Kontiun  too  much  connimn  flalt,  otherwise  the  silver  will  be 
blaokened  by  the  fornintlon  of  chloride.    All  acid  h  to  l>e  nvoidcd ;  il 
gives  too  strong  a  current.    It  is  adva.ntageou8  to  hftye  the  gold  solution 
and  tlsc  liquid  in  the  zitiu  vessel  of  tlie  fiame  epecific  graviiv,  in  order 
that  lliey  mny  not  mix  too  easily.    For  the  same  reason,  the  fex-el  of  lb* 
two  liquids  oii^ht  to  be  the  same.    The  zmv  must  not  Ho  amalK^mTitrd, 
otherwise  chloriile  of  mercury  will  be  introduced  into  the  gidil  Bnlutinn, 
and  may  be  reduced  'lo  the  metal. —  Vesnels:  Far  gildiDg  small  "hjecu 
the  gold  solution  may  bo  contaiTied  in  a  jlnsa  tuhe,  opCn  at  botli  ends ;  for 
larger  objects,  in  .in  inverted  bell  jar,  furnished  "witb  a  ttibudur^.  Ttw 
lower  end  of  tlic  glass  tube  or  the  tubulure  of  the  bell-jaj  i«  tied  over 
with  linen,  und  a  laver  of  kaolin  or  commftn  clfiy,  free  frorn  Iim?,  oua 
ctHtimetrc  in  height,  and  moistened  with  solution  of  common  salt,  [tlapp>l 
at  the  bottom  of  the  tube  or  jar.    If  instead  of  glise,  vessels  of  eanhcu- 
"waro  are  used,  in  which  endogmo=e  is  stronger  than  in  clay, — then,  either 
ths  ittticr  and  outer  liquids  must  have  the  Mime  composition  (with  tho 
es<*ption  of  the  ^old  i!oiitaiaed  in  the  jnner).  or  the  earthen  veaeel  mnrt 
ho  encloRed  within  a  hag  of  muslin  filled  with  raoiet  clay,  bo  tliat  ike 
veASol  may  be  surrounded  with  a  coating  of  clay  one  or  two  centtmetrrs 
in  thickncafi — The  brfiss^  copper,  or  ailver,  which  is  to  bo  gilt,  is  well 
burTjiahcd  and  then  thuronghly  cleansed  (dtcafie)  by  rubbing  it  wiih 
lamp  black  moistened  with  cuneentraicd  nitrie  aeitf  and  spread  upca 
linen— then  dipping  it  ([ufckly  into  water,  then  again  rubbing  it — Koito 
on  : — when  perfectly  ckan  and  briglil,  it  ia  well  dried.  While  tbo  gilJiBg 
is  going  on.  the  object  is  fretjuently  turned,  so  that  the  deposit «  gw 
may  be  unifumi.    If  the  depo^itinn  goes  on  too  tlowly,  an  addilioiiil 
(quantity  of  common  suit  is  addud  to  the  liquid  in  the  outer  veeMl  con- 
taining the  line. — Waimiiig  the  yuter  vessel  in  a  wBt«r-bH.th  to  20"  or  2i* 
68"  or  77'  Fall.),  likewise  nccelem.tes  the  gilding  but  dicnini^bea  its  Uftiv- 
f  any  of  the  gold  eolation  penetrates  into  tlie  outer  vessel,  aitd  goMia 
ill  consequenee  precipitated  upon  the  zinc,  it  mu^t  be  removed.    A  Otm 
deposit  of  gold  makes  its  appeamnee  in  ten  minabMi;  to  prodbon  a  thidt 
deposit,  eevcral  hours  are  necefksary,    The  gilding  on  silver  is  6nt  gtCM- 
ish,  then  yellow,  then  after  twelve  hf>ui'.s  reddish  yellow.    Bran  ud 
bronKE  tako  the  gilding  much  more  quickly.    Finally,  the  gilt  ohjeOl  a 
washed  with  dilute  Eulphnrie  acid,  which  removes  any  iron  irbicb  may 
perchance  have  been  precipitated,  and  then  rnbhed  with  linou.  Toe 
gilding  holds  very  fjiat.  (Bccijnerel,  Compt.  itnd.  14,  135.) 

When  a  copper  plittc  is  to  he  etched, — instead  of  covering  it  with  lie 
ordinary  etching  ground,  it  may  be  gilt  hv  Do  la  Hive's  method,  and  tlir" 
thi?  gohl  removed  with  the  needle;  in  tins  mauupr  nmrJi  finer  tiitca  uv 
ohtmned.  Moreover,  sinee  thu  gold  romiiina  altadicd  to  the  siirfoM,  tkt 
plate  may  be  corrected,  if  the  fir*t  impression  ehould  bo  faulty.  (Di  b 
Rive,  J,  pr.  Chan.  22,  376.) 

Platinising. 

This  najlu?  done  upon  Bilver,  bra^,  or  copper.    The  nppamtHblli 
MTne  u  tbnt  or  Botlger  for  gilding.    The  platinum  solution  qmmI  ooaitei 
of  1  i-art  of  chloride  ff  platinum  in  160  parts  of  water — or  better,  1  put 
of  cliloride  of  platinum  and  1  part  of  common  salt  in  160  of  T«ter. 
latter  solution  yielda  a  sufficient  deposit  tift«r  throe  imuiamone;  wttfl 
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wilt  the  former,  six  imnieraioiis  are  aeceasary,  and  the  coating  of  platiimm 
is  rather  grey  thaa  -white.  Copper  whicL  has  been  platinized  is  after- 
wards  well  aJwplfd  for  gilding.  This  lua^  ho  iJoiie  wiLli  (fbfcela  ubtained 
hy  tlie  electro-typo  process, — a  cupper  wire  being  faeteiied  lo  the  centre 
gf  the  hiiuler  surface,  ihul  surface  covered  with  wax,  tbo  front  eurfaca 
freed  from  everr  trace  of  oxide  by  rubbing  with  dilute  bydroclilaric  acid 
aod  fine  witched  sacid, — then,  by  the  preceding  iinctlnad,  first  platinized  iiud 
aftervtards.  gilt.  Any  part  oci  which  the  oxide  still  reiniuns  will  not  be 
coated,  and  roust  afterwards  be  cleaned  with  tand  and  acid.  {R,  Bottger.) 

For  platinizing  by  the  current  of  a  six-pair  Daiiieira  battery,  it  is  heat 
to  uso  a  solution  of  chloride  of  plaliiium  aud  potajsaiuiu  in  potash.  The 
operaliun  goes  on  as  yuickly  as  gilding.  But  from  a  solution  of  1  part  of 
cyanide  of  platinum  and  10  purU  of  yellow  ferrucyanide  of  potaesiuni  in 
100  parts  of  water,  platinum  is  very  slowly  precipitated,  even  when 
aasititod  by  the  application  of  heat.  (Euolz  &  l>anias,  Fifg</.  55, 

Sif-iierin^. 

Copp^er  and  brasa  may  bo  silvered  in  tlie  above  apparatHB  by  means  of 
solution  of  1  part  of  fused  nitrate  of  silver  (lunar  eaustic)  in  5  J  parta  of 
ucous  ammonia ;  but  the  first  immersion  must  not  last  tou[,Tr  than  a 
"ond.  (R.  Uuttjrer.J — -Walker  procoode,  according  to  the  method  de- 
ibcd  on  page  4-!).'),  witli  a  solution  of  cyanide  of  bilvcr  and  potaasium  '.la 
e  electrolyte,  and  a  silver  plale  as  the  anode. — According  to  KuuIj;, 
ho  likewise  ueos  cyanide  of  silver  and  potassium,  silvering  may  be  pro- 
uccd  on  gold,  platinum,  copper,  bronxe,  brass,  iron,  cast-iron,  sti?el,  und 
'n,  and  is  very  permanent.—A  solution  of  ]  ]iart  of  cyanide  of  silver  and 
0  parts  of  ordinary  ferrocyaaide  of  pota^ium  in  100  [larts  of  water,  may 
be  tieed,  (Duniaa.) 

A  solution  of  cyanide  of  copper  !u  cyanide  of  putaSeinni  or  sodium 
yields  a  cuating  of  copper  wlicn  iicted  upon  by  the  carfont  of  an  eight- 
pair  Pftnielt's  battery, — but  the  deposition  of  the  copper  in  very  alow, 
(JlaoU  J — In  a  similar  inaaner,  mctala  may  be  coated  with  lead,  cobalt, 
or  nickel.  (BuoU.) 

Clean  copper  or  brass,  in  contact  with  cuttings  of  tia  in  a  boiling  boIu- 
tioD  uf  puroxldc  of  tin  in  potash,  hccoine-s  covered  iu  a  few  minuter  with 
a  wliito  pennunent  layer  uf  tin,  (R,  Bottger.)  —  Bronze  may  likewise  \ni 
tinned  iu  this  mauuer.  With  electro-positive  metals,  on  the  contiary. 
Hoch  a«  iron  or  zinc,  the  current  of  a  binttory  ia  necessary,  (Ruoli,)— Ou 
this  principle  depends  the  tinoiiig  of  brass  pins  by  disposing  them  tn 
alternate  biycra  with  tin  plates,  and  boiling  iho  wnole  in  a  eolation  uf 
cream  of  tartar. 

Copper  or  brass  cleaned  with  dilute  Kydrochloric  afld,  and  placed  in 
close  coutiict  with  granulated  zinc,  in  a  boiling  saturated  solution  of  sal- 
fknimoniuc  or  a  solution  uf  chloride  of  einc,  accjuirca  in  a  fen*  minutes  a 
specular  covering  of  eIiic,  Cream  of  tarlar,  in  place  of  fal -ammoniac, 
does  not  ocuasion  a  di^po^il  of  einc.  (R.  Bottger,  A  itn.  I'hann,  Si,  84;  39, 
172.) — By  niE'aQB  of  the  electric  current  of  a  lattervj  iron  wirej  ijon  plat 
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eMt^iron,  Ac,  may  also  he  coated  with  zinc,  and  preeerved  tnm  nut 

2.  Electrotype. 

Wach  and  otboM  diaoovered  some  time  ago  thai  under  ceitain  eiroBin- 
atancee  copfiw  may  be  elepoMt<nl  in  a  coherent  state  by  gKlraoio  aotiAiL 
But  Jncobi  {EUdroh/pe,  Petenhufgh,  1840;  abstr.  PdyteeJin.  J.  75,  1 10>— 
ami  Sjieiicer,  as  it  jipiiears,  at  iLe  same  time — fibowed  {PolytrtKn.  J.  7i, 
34;  77,  343)  thnt  oopptr  thus  precipitated  in  the  solid  state  oa  conduct- 
ing btMiies,  atlapts  itaelf  exactly  tu  all  the  depresBiona  of  ih^lr  Burh&t, 
and  when  separated  presents  nn  exnct  impreesion  of  cheiu;  ibns  ihey  di»- 
eorered  tlio  Electro-type  process, 

Jncobi^a  process  is  as  rollows : 


I.  Appnratra. 


A.  For  amall  objccta: — The  ubject  to  be  copied  (for  ebortness  wa 
shall  call  it  the  Afodel) — which  must  bo  a  Cfvtidntiior,  at  \enat  an  ita  eur- 
face — is  immefBed  in  a  Holution  of  sulphate  of  copper,  and  made  to  funntb^ 
nej^allve  conductor  of  a,  galvanic  circuit,  the  jKisitive  conductor  i-oniiijstin; 
■of  Kirie  immersed  in  dilute  sulpliiiric  ncid,  gal  ammoniac,  coniruoti  mIi,  « 
snipliate  of  fioda.  The  moat  uuitnble  appnratciB  Is  an  ohloiie  box  of  wood 
(pitched  with  Jisphall),  or  p{»rcelaiti,  divided  into  two  parts  by  on  uprighl 
partition  of  slightly  bnked  iinglaaed  earthenware  (or  else  of  elni-wood 
which  has  been  bullied  for  ten  Lour  in  water  3>(.'idiilat ed  with  sulpbarin 
Bcid).  The  division  containing  tbc  copjier  ia  filled  with  eolation  of  cal- 
phate  of  copper  aatnrated  while  bot,  aud  is  fitted  at  its  upper  part  witfi  a 
thin  woodea  box  jwrforated  nt  the  stdca  and  bottom  and  lilie'l  with 
Poiipl1<.h1  Htdphale  of  t/opper,  fur  the  piirpo^e  of  keeping  Ihc  ^ojiilioin  ma* 
etaotly  Batiiratt'd.  The  zinc  dlviNiun  cnnlainji  dilute  sulphuric  %cid,  or  > 
solution  of  sal-aoiinooiac,  &c.„  toijether  with  a  zinc  plate,  whivli— at 
when  sulpliuric  ac'nl  ia  used — must  be  atiial^niated.  For  renewing 
liquid?,  especially  of  the  Eim?  divi.sioti,  each  division  liaa  an  opening 
side,  comitiimtLadu;^  EireC  with  a  deiLiblti  tube  of  cnoulcboue,  and 
with  a  rigid  tube,  which,  when  set  upri^^-ht,  feiubes  tu  ehe  tup  of  th« 
eel,  hut  when  let  down  allows  the  liquid  to  esn.'ape.  The  zinc  is  con 
with  the  model  by  meany  of  a  wire,  onder  whieh  a  mii^eiic  necdl«  u 
placed;  and  iLe  model  is  immersed  npn'ght  in  the  copper  division,  wiUi 
the  side  which  \s  to  be  coppered  turned  towards  the  tine,  dihision.  Tlb« 
deflection  of  ibe  needle  indicates  the  quantity  of  the  current,  on  tlm 
latioa  of  which  thn  sueoeas  of  the  operation  greatly  depeiidiS.  WhcH 
quantity  uf  elL>etricily  is  too  great,  the  eulphato  of  cojipor  ia 
more  quiekly  than  fr«!ih  sulphate  iu  dijisoived,  and  the  cop[n 
on  the  niodd  no  lungor  exhihitB  the  bright  red  colour  whtoh  it  uu^lii 
fi>6aass8,  hut  hocomes  of  a  dirty  brown  red,  and  tusee  lis  ooberence; 
even  if  tfae  solution  be  thou  saturated,  the  precipitate  afterwards  de 
is  eiill  incoherent;  tlie  brown-red  precipitate  nmtit,  tlicrofore,  bo  scmi 
olfor  removed  by  nitric  acid,  Ae  soon,  therefore,  as  the  magnetic  n 
iodioatea  that  the  current  ia  tuo  strong,  it  must  be  wuakouod  by  dil' 
the  a«id,  inicrea^ing  the  distance  botweun  tlio  pistes,  or  by  uung  % 
Qectinfc  wire  of  greattr  length  and  lo^  tbii^kiie^^,  Tho  ^reulu  ibt 
of  the  box  containiuir  ibti  sulphate  of  copper,  and  the  mure  ibe  aolution  of 
that  suit  is  aeceiemted  by  rablng  the  leuiperalure,  the  m%tat  lujr  W 
the  slrenjtth  of  tbe  current,  and  the  more  quickly  will  the  tliifknf  of 
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Leposutti;  but  tfie  mcro  abwiy  the  copper  te  rednoQtl,  iLe 

■  its  conipactiKiHti  iuiiil  Holidity. — tn.^LCiiij  of  ihv  box  above 
vHniter  Jiiay  ii«  iiwe<i,  liiiviii;^  u-u  Eurlbcu  vessel  dipping  into 
'I'iiii  Bimu  pliitQ  ia  \Aa*:ml  hurl zun tally  ou  aupputu  in  tbo 
'    MioiU"!  ill  tlio  u|ii)tr  one — or  vice  vena, — but  iho  latter 
"I     coiivtiuiuut. — Tbo  eurtiienwiiro  diaphragiii  becotncw 
:  l>cti  up,  and  must,  tborefure,  be  iicmaiunoMy  soaked  in 

\:\e^'}r  oltjocb  aro  to  be  copiuj,  the  current  of  a  magia  pair 
iii-Unl  biiltcry  tB  prefi'rablw.    The  arrftnguiiieut  of  tiie  app*- 
(■  Jucobl      ii'2).   SiiicHi  it  is  iJitKimJt  to  obtahi  krge  enrih- 
liTa,  a  uuiiilior  of  tiuiiill  ba,tttfries  may  he  utiileti,— <■.(/.,  nine 
>  'ippt!r  OP  leinJ  may  he  pliLced  iiu  a  k^julcn  trim^*li  (^ontaininr 
'iilpliuto  of  L-ujijier,  uu  unrtlxjuwarti  cylinder  filled  with  acid 
III  eiixi}  of  tbeiu,  und  a  ziav  cylinder  niailo  to  rlip  into  tbo  acid  ; 
I'vlinderabein^fuDnectwJ  by  uuctbiek  wire,  aod  all  tlio  Imd  or 
■'[■■n  ('V  auutlier.    Tlie  electricitv  of  tlieso  two  wirta  is  carried 
•l".'<i)ii[;«>!jin^  cell,  wliicb  at  tbu  Le^inniD^  h  filled  witb  dilute 
i>l|ih»to  of  copp«r,  CQntatnisi^  a  liiile  free  ni^id.    Thti  lunrlel 
ntftlly  wt  tbe  bottom  qf  the  cell,  witli  the  eido  to  bo  coppiywl 
'ipwnr'ts.   A  woodeu  frujiL'  is  let  down  to  tLc  middle  of  the  liiquid, 
"<(vo  of  liueiL  or  Hunnol  Btrctcliod  over  it.     Abovo  this  diniitiri^n 
■■\  n  plate  pf  copper,  ur  a  i]miibi>r  trf  picQva  of  copper  in  iiiimc-diate 
with  one  nnotiier.    Tld^  voppcr  Iti  wnnectcd  with  the  coppur  or 
'  '  ilia  buttery,  whilst  the  aiodel  is  coimeirtcd  by  a  wire  witb  the  auc 

'  itndery.    As  fast  as  t-opper  is  depo^itcii  upon  the  model,  the  copper 

'  ..1.'  titf)  n.nod«  dissoivi's  {p,  AGS').    At  the  same  tinit?  it  often  beconiaa 

y  b  With  a  da-rk  rod  powiler,  which,  if  it  fell  Upon  tiie  niQiltil,  would 

I  I  Ihe  copper  reduwd  upon  it  brittle.    TLia  is  prc-vuiited  by  the  linea. 

i  iiifilcl  inuiit  he  ut  IriL^I  frulu  ba.lt  un  Ittcli  to  twu  isicliGS  below  tlie  cop> 

lur  Inrge  ohjert»,  three  or  fntjt-  iiicbeo.    Ill  this  ca^e,  also,  it  ia  Jicfc*- 
:ii  a\iuw  the  current  to  act  npuo  a  iiiagciettc  noodle,  tti  onl^r  that 
^  idea  may  hn  funned  of  its  i^Liaotity.    If  the  Dunreli'ii  battery  con- 

L^^^gf  of  several  p^tiru,  a  riiimber  of  di^fuinposing  celii^  may  also  be  iuclnded 
k  .hi:  Atitintt. 

^  2.  CanstUtUion  of  tha  Model.    The  model  u  cither  a  conductor  or  a 

^         .  Conductor  covered  with  a  thin  layor  of  a  conducting  eubstauM. 

A,  Every  mclal  may  lie  siaed  which  docs  not  hy  itself  precipitate  cop. 
r  from  tho  solution  of  the  siilphalo — even  load,  whicb,  though  it  pr«- 
.^ilat«»  tlkc  copper  slowly  at  6rst,  ceiLsea  to  do  so      6iD0ti  as  ita  surfaoo 

  covered  with  that  metaU   Tin,  wliich  exerts  a  strang:er  clieraical  action 

^^<n  thfl  aolutiou,  and  i§  itAolf  dissoU-td  at  the  same  time,  doea  not  yield 
iiipre-e^lons  of  equal  sharpncsis.    The  noble  metals,  copper,  type-metal 
cad  and  iintimony),  ciml  fu.sihle  metal  (2  .purls  biGmuth,  I  tin,  and  I 
wl),  aro  poculiivrly  wi'll  aduptod  for  the  purpose;  brassy  on  the  contrary, 
lint, — bc^c»ui<e  the  reduced  copper  ts  not  eseily  separated  from  It,  and 
when  septiRiteJ  is  found  to  he  cofttcd  with  a  (ilni  of  bntss.    When  tbo 
copju'r  id  riv.luceil  on  an  enfrravcd  cofvjKT  pbi(e  the  separntinu  is  ciiaily 
pffoctCKl,  provided  the  lines  are  not  too  deeply  eiifimved  or  under  cut, — iiud 
tho  en^rari'd  plate  ia  nut  epongy.  poronn,  or  liitnelhitod  uu  the  Mirfueo,  haa 
no  hieinishea,  m  they  mo  (.'ailed.— tind  the  newly  formed  pluUi  to  t-f  a  proper 
thiekneHH.    When  these  ronditioua  are  fulfilled,  the  reduced  plate  eepa- 
mtae  almost  apontaneoutily  as  Boon  aa  the  edgtw  are  61e4  away.  Th« 
plate  to  be  engraved  is  beipt  formed  by  gajvADie  action,  inasmuch  t»  tb« 
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reduction  of  copper  od  a  plate  previously  ground  and  po1Ulie<l  take*  y\ 
vrilh  extreme  slowness,  ^uch.  tt  plate  requires  no  grindio^  or  politoil 
and,  ia  cansetj^nence  of  its  homojt^iiQity,  tbe  copj»er  reduced  on  tta  hh 
after  engraving  'nay  be  ea^i]y  sepataWd.  Since,  Ob  ordinary  oof 
plateii,  the  adhesion  on  i-omt  p&rts  of  tKf  flurfnce  is  so  strong  thmt< 
separiLtlon  cannot  ha  eUcetcd  without  injury  to  the  origincwl,  it  U 
eiiry,  before  commencing  the  process  of  reduction,  to  cover  tlie  eng 
piate  witli  an  extreinely  thin  layer  of  grease.  For  example,  it  majte 
covered  with  melted  i-tearic  a^idj  wbicb  sepamlfs  eomjdetely  aft*r  roll- 
ing, but  leavca  a  tntco  of  grease  (probably  oleic  acid),  in  a  very  findy 
divided  state,  &n  the  pluto  of  copper.  The  subaeqiient  separation  of  tn 
reduced  copper  ia  ulso  greatly  facilitatol  by  eilverin^  or  ^ildine  litf 
engraved  plat«  before  coniniencLnf;  the  electrotype  process.  GiMinj;  h 
the  wet  way  is  bust  mlapted  for  the  purpose.  Pieces  of  cyippor  sUaned 
with  tiie  die  may  iilso  bo  used  as  iiiodelH,  provldi-d  thev  are  not  mia- 
worked,  Further,  if  an  engraved  copper  plate  be  presseJ  under  b  rolli*^ 
press  on  a  leaden  plitte,  cupper  may  be  reduced  oa  tliu  latter  by  Ik 
electrotype  proceaa,  and  perfectly  eharp,  exact  copies  thus  obtaiae<L — 1^ 
parta  of  the  model  which  are  nut  to  be  covero*!  with  copper  are  protiow!^ 
coated  with  wax ;  so  likowise  ia  the  conducting-  wire,  liu  far,  ut  Ipart,  u 
dips  into  tbe  solution. 

B.  The  nun-cooductora  used  as  models,  are  wood,  gy^taum,  pMW- 
l&in,  sulphur,  scriLiug-wax,  stearic  acid  [this  appenre  to  bo  what  Jk«^ 
mean's  by  fiteannol.    (iyp^uin.  inuBt  be  soaked  in  a.  liot  mixtarc  of  ^em 
&cid  and  wax,  till  it  no  longer  gives  out  air-bubt>le4.     C»oiH  irf  ttmm 
acid  are  nmcEi  sliarper  than  those  of  pypsuiu.    To  give  tliese  lUMleb  * 
conductiniT  surface,  a  quantity  of  plumbago  is  rubbed  up  with  the 
tuaMmifluiJ  consistence,  and  spread,  by  meaJi^  of  a  brueh.  on 
parts  of  tbu  model  which  are  to  be  coppered;  after  drying,  the  supcHI*- 
OUa  plumbago  ia  rubbed  off  with  a  dry  brush.    Or  tho  plumbaj^,  in 
state  of  dry  powder,  may  bo  rubbed  on  tbe  model  with  a  htii^h  sliabUt 
moistened  with  oil.    Since  the  coating  of  plumbago  oO'nducL^  but  itup* 
fectly,  the  deposilion  of  copper  is  most  abunrlant  at  the  ]M.iiiit  whm  ti* 
plumbago  touche:^  the  conducting  wire.    It  i»  therefore  advattiatreoiu 
place  a  thin  Btrip  nf  load  or  copper,  connected  with  tlio  cuuUnctlDjr 
cloae  round  the  surfnco  to  bo  coppered.    Tho  metal  must  also  b*  pbnJ 
in  a  horuoQtal  position — When  a  great  degree  of  ni%lle:«ljility  u  9* 
desired,  the  growth  of  the  layer  of  cop[>er,  when  it  Las  once  beifUi* 
form,  may  bo  accelerated  by  Alrewin^  copper  filings  on  it,  wUioli  btw « 
intimately  mixed  with  the  reduced  copper. 

The  electro-typo  process  is  applicable  to  ooppor-platc  coKTa*tV*- 
luedals,  etereotypG  platen,  ornaments, — ciDd  likewise  tn  mukiiig  bloekiwr 
printing  CkUico  and  pattemd  for  paper-linngii);^,  (Jncubi.) 

Methods  of  others. 

Apparatus  and  Liqwidt. 

Spetitxr't  Apparaiut.    A  cylinder  of  glss^,  wood,  or  gLucd 
e  (having  a  rim  at  the  bottom  for  retaining  the  Kypsuni),  i«  el 

lower  end  with  a  diaphragm  three  quarters  of  an  ioch  Oii  

Contam.i  tltxc  immcr^rd  in  a  solution  of  commtin  salt,  und  w  itself  

rounded  by  a  tiohuaoH  of  sulphate  of  copper,  which  contaios  tlie  bodyK 
b«  coppered.    The  operation  sneers  beat  wben  tb»  rar&ce  to  b« 


ELECTROTYPE. 


SOS. 


pered  is  of  the  eamo  size  as  tLe  zinc  earface,  and  that  of  tbe  gypsum 
greater  tlian  cither.  Tbe  tin*}  is  frequently  clemmed^  eult-eolution 
occasionally  reuewo*!.  WLeu  process  is  contiuu?>l  fur  Boine  time,  the 
copper  solutipo  must  likewise  Le  renewed;  uthorwise  tbe  sulplmric  acid 
whicL  is  ftet  free  previ^nta  the  precipitated  oop[;er  from  a^&uruin^r  n  stVid 
conslsteac^i,  and  coiiverU  it  into  a  browu-red  powder;  iii  such  a  case,  tho 
copper  iuubE  bo  cleaned  with,  very  dilute  nitric  acid,  Tbe  formation  of  a 
layer  of  copper  one-eighth  of  an  iach  thick,  takes  eight  or  ten  days. 
(Spencer.) 

Boiiffer'a  A/jpaj-aliis.  A  cylinder  six  inc Iws  high  (e.  y.  a  lanip-gla$3^, 
open  at  top,  and  lied  round  at  liottoin  with  :t  (liin  pieoo  of  bladder,  is 
fionk  to  oue-haii  its  depth  in  a  somewhat  wider  cylindor,  and  Gxed  in 
this  position  by  means  of  three  fork-shaped  ignitod  copipor  wires.  Id  the 
lower  cylinder,  two  and  a-half  or  tlice  luchcg  from  th«  hUdder,  is  pWed 
a  riiig  of  unignited  copper  wire.  The  model  is  laid  upon  a  ring  of  uni|^- 
nited  copper  wire,  plaoed  iu  the  lower  cylinder  at  the  distance  of  two  and 
a-half  or  three  Indies  frtiiii  this  bladder^  and  terminating  in  a  wire  which 
passes  Hp  tbe  aide  of  the  lower  cylinder — then  down  the  inner  surface  of 
the  uppfr  cylinder  to  witbici  tliroe  Itues*  diataucefrom  tbe  bladder — and 
there  forcnH  a  ring,  on  which  the  zinc  plate  i.^  laid.  The  whole  enrfaco 
of  the  copper  wire  in  the  lower  cylinder,  with  the  esception  of  the  ring, 
IB  covered  with  acaling-was,  to  prevent  uniieeetisary  precipitntion  of  cop- 
per. Tbe  lower  cylinder  is  filled  with  i^ohitiuu  of  sulphate  of  ropper^ 
£9iturttted  in  the  cold  (which  need  not  be  pure,  and  may  cotitnin  a  lurgo 
cjuantity  of  sulphate  of  zinc),  and  containii  aoine  cryblals  of  the  aamo 
ualt.  The  upfjor  cylinder  contciine  a  thick  plate  of  zinr,  partially  aninl- 
ganiatcd  and  uf  the  Bunitj  width  as  the  cylinder,  together  with  a  tui^iture 
of  1  patit  of  oil  of  vitriol  and  lU  parts  of  wuter.  It  is  immoreed  to  the 
depth  of  an  inch  or  two  in  tbo  eolution  of  sulphate  of  copper, — Every 
twenty-fi>ur  Loora,  tbe  upiMjr  cylinder  together  with  the  wire  ia  taken 
out  of  tbe  lower  veescl,  the  copper  solution  in  tho  latter  stirred  up,  and 
BUpplied,  if  necessary,  with  fresh  cryslals  (or  it  is  saturated  every  two 
d&ys  with  sutphate  of  copper  at  a  boiling  hiat,  and  lillered  through 
linen  when  cold):  the  acid  ib  also  changed,  aud  the  zinc  plate  cleaned  or 
renewed.  In  the  course  of  it  week,  a  deposit,  one  or  two  lines  in 
thickness,  is  obtained.    (R.  Biittger,  Ann.  P/tanrt.  35,  216.) 

Tn  J&cobi's  apparatus  A,  the  deposit  of  copper  is  more  nnifonn  and 
pare,  when  th«  model  la  placed  upright,  than  when  it  lies  in  a  horlitoutal 
position.  It  is  not  only  when  tbe  solntlou  of  Butphate  of  copper  is  too 
weak,  that  the  metal  is  deposited  in  a  pulverized  state,  but  likewise  when 
tbe  surface  on  which  it  is  deposited  ia  loo  small  in  proportion  to  that  of 
the  zinc.  Two  or  three  models  may  he  iniineracd  in  tbo  copi>er  solution 
at  the  mine  time.  If  the  copy,  after  separation  from  tbe  model,  hti  ini- 
iiicraed  for  a  short  time  in  the  copper  solntiou,  the  zinc  connected  with  it 
remaining  at  the  same  time  in  the  acid,  the  copper  thus  deposited  on  the 
Burface  of  the  impression  gives  it  a  heautifnl  soft  stlfcy  lustre.  (Solly.) 

In  Jacobi's  appanitua  A,  the  copper  wire  atUu^hed  to  tbe  zinc  mu at 
be  amalgamated,  as  far  as  it  dips  into  the  solution,  to  prevent  the  cvolu- 
tiuu  of  hydrogen  gm  upon  it,  by  which  part,  of  the  actiou  would  be  tost. 
(Bolley,  Ann.  PliaiTn.  3,7,  206.) — Boquillon'sftpparatiis.  {J.  FA<t)Vi.  27, 
216.) 

SnieiB  {Phil.  Mat).  J.  16,  550)  prefers  Jitcobi's  apparatus  B  to  tbo 
Bimple  galvanic  circuit  A.  He  how^ever  uses  in  couiiexiou  with  it  a 
trough  battery  euataiuing  from  two  to  eix.  pairs.    Along  the  bottom  of 
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m  vbk-h  lU  b  bar  iM^M  ArtMt  6«a  tha  hhiMii.    AJkw  M 

day*,  tW  d««y«  pkte  b  Mb*  Mt  mi  Isei  b  »  Tleft,  and  tU  «4|a 
Had       rMwl,  till  tfe  he— fcrr  Ins  kimn  ifae  t»ff  m»A  tk»  m 
pmai  Ueamta  sffWMl;  tk*  Ude  of  ft  pMkMJnife  w  cwdifc 
taMitad  brtwM  than,  a  tUa  Imvb  fpatala  tatndaeed  mto  tW  lyM 
lluM  maie,  aad  by  axaa*  «f  lUs  iha  fktm  m  caBplcitely  nfmui 
TV  Ri  uiiadl  ■eopy  ihaa  oMaiaed,  of  the  lUika«»  af  half  a  line.UekuiJ 
v{lh  eaaitis  polm.  then  rmbbad  with  t^rm  mi,  mid  tke  oil  rtrmnnd 
rary  wft  U«Cli«ffiMiier,  whb  (he  — iaIaMP  of  a  brwb.    Tbft  rrmmi 
fiopy  in  thea  Mill{«et«l,  in  the  caaie  Diaaaer.  to  llie  paJrante  ptooan  fcf 
loarteeo  day*;  anolhrr  copy  is  Ihiu  obtained,  nwiW  wfwmblp,  aimikrli 
•very  rMpeet  to  tb«  uHf^iitKl  p1at«,  and  ginog  pcri»c4ly  similar  faapm- 
don*.    BftUger  noe^t-ded  {wrfectly  in  uua  prooeu  wi'tb  a 
inrhc*  high  aad  nine  iocIieK  wido.    (i'd;^'  '54,  800;  ateo  y.  CAm. 
lie.) 

In  onler  that  tti(*  reduced  pn|i|icr  may  aeparale  with  faeili^  Ana  lAt 

oHjfina)  pJuiii',  tliu  Intlpr  iu  ^irnviously  rubbc<l,  wLtte  warm,  with  yelha 
wax  miied  witli  a  small  '(iiiinltty  v(  tiirjK'iittii<.%  bti<I  the  wai  wtpd 
clnsii  off  iiftor  tlio  plate  tins  ermM.  Whew  thv  precipilalioti  oflhff  luypr 
id  niiniOotc,  llin  buck  »f  tliu  r<.'ilui.'ed  |>IiLt<<  is  [ii^nivA  over  n  epiril4u>p; 
it  tlicii  (n'jinnilM  enonlaiivu iii.lv  with  n  il^cpfpilstiiig  mnav.     The  pw 

till.  (Sjioiircr,) — Mnx,  Diiku  nf  I  uufbtt'nliLT^,  ruin  mrlted  *>lCBfic  aoi 
into  tlin  \Antv,  iiiLiI  wljiL'K  it  uirab-'Hiii  wilh  lintm. 

Hincu  iliti  rNli1i)iiif  iti  <>f  |>mi'^  intn  tli^  piat«  may  obliterate  the  liMa 
tli*t  iiriK'i'Rfi  uf  silver  in;,'  (riH'OTninvnilecl  liy  Jii^nlii)  i*  to  b«  piufciwd. 
Till)  plii-^o  i"  •ri|>|io<l,  for  1dm  ininiit.m,  iutu  u  sulutinit  uf  Hllvtido  «f 

LinKiioii  Hidt,  unci  wiieii  Ihiia  Hlij^litly  silvered — tl]>n  ntttiiw  ef  enpptf  <a 
rlmw  l-i'iti;;  ri'[>Eiii'i-Ll  ])y  t^ilvvr — it  is  jii(riH}ut.-eJ  into  aa  appMitl* 
I  of  IliiltK<-r.    riixloiiW  <>rii  ring  of  cupper  w'bie,  liowever,  |ha  pklt 
nh  A  tiomd  elin't  of  fD|>[n>r,  uri  which  a  namwer  ttttitd 
Itcldttiod.    TUia  broiiil  bIimI  of  coppcr— wltieb  i>  eaiitdy 
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witk  wax,  vith  th&  exception  of  a  space  ubont  half  an  inoli  vid9  all 
round  the  plufe  which  tiee  upon  it — prevcnU  ihe  depoBition  nf  copper  wver 
tlio  *Jye  tuf  the  original  piaie.  Tho  strip  of  cofip^r  pftssiu^f  upwanU  Iv 
screwpil  to  a  strip  of  luatl,  whicK  li«s  upon  tho  itino  plate  simI  is  kept 
iiuiMi  it  hy  uiean^j  of  w^iiiiliU).  TIjIs  ^rrMiigeineiit  fucilitiitei^  tlio  oli^ttiiiiig 
of  the  ziuc  plate.  The  ruverseJ  plato  is  llninlied  in  six  ur  eight  dayt, 
A  pluL^,  .similar  to  the  imginuJ,  itn  yireparcd  from  it  in  h  aiuijlAr  iria.uii«r. 
(Kohell,  PoiijUchn.  J.  77,  68,  Ally.  ZcU.  1842,  No.  Si  Bail;  ciimp.  Max 
Hen.  V.  Leurhteiibflrg,  J.  pr.  Cfii^n.  2.3,  143.) 

An  eng^raved  copy  ciia.y  he  obtx-ipeJ  from  a  smooth  eo|ipeT  plal^,  hy 
drawiiig  on  the  plute  with  thick  varnish,  and  then  coating  it  uiLh  op- 
pet  hy  itieaua  of  the  hattery.  The  copY  thua  ohtained  may  he  usiii  to 
print  friim;  hut  the  depressions  are  ahallow,  and  Jo  not  t-etaiu  the  ink 
well.  (Sm«e.) — Thu  drawing  is  hunt  made  with  a  solutti'ru  of  common 
rouici  iu  oil  uf  tLrpcntiue,  mixed  with  V^tietiau  red,  mineml  bUck,  and 
other  mineml  colours.  WJjcii  thi:ii  ink  Xxtm  hcen  put  on,  tlie  plain  is  sil- 
vered In  the  manner  already  de^L-rihed,  and  then  treated  hy  the  eltictro- 
typo  procc^^.  The  copper  is  depot^ited  on  the  ink  as  well  an  on  (he  uucr>- 
verod  portiotin  of  the  surface,  piirtly  because  thu  eoppor  undorticatli  aoU 
throun^l)  the  ink,  and  pnrtly  by  };railual  fi^rowth  friim  the  side.  Kroiii  thq 
plate  thus  ohtained  a  reversed  copy  la  made,  and  from  ih\a  copies  niiiiilar 
to  the  origimil  may  he  oLuiined,  &»  many  afi  may  ho  deairciL  (Kohell| 
AU^.  ZfU.  rS4'2,  No.  .^4;  Pfif/if.  54,  303). 

To  uhtaio  a  copperplate  with  raided  linea  fit  for  printing,  a  flat  plaie 
is  covered  with  a  coat  of  wax,  uiid  iho  linoa  etched  upon  it.  The  expotetl 
part  of  the  copper  h  l\ica  <<iihjec ted,  for  a  short  time,  to  the  action  of 
nitric  acid  dduted  with  three  partit  of  wat&r  (withuat  this  proviuu.u  treat- 
ment with  acid,  the  depotiitud  copper  would  not  adbc;re  linuly.  The  plate 
is  then  Buhcuitted  to  the  electrotype  proccve,  the  reduced  copper  frruund 
emoolb  with  puuiies-btotie,  and  tlie  wax  removed  hy  warming  aud  rubliing 
witli  turpentine. — Or  an  ent^'raving  \»  made  un  lettd  or  typ*-metii.l — all  tho 
lines  being  of  equal  depth  »3id  flnt  a-t  the  bottom — *ud  from  this  att 
electro-typo  ^□■[iper  platfl  is  funofld,  which  may  be  fur  printing. 

(Spencer.) 

MftiiUk  ifodeit.  The  beat  material  fur  takini;  imprewions  ii  an  alloy 
uf  8  jKiTt')  hiemuth,  6  of  lead,  and  3  of  tin,  which  melts  at  107-y  C,  ur 
225  5"  Fah.  (Hose's  fusible  metal  pmducw  a  cmuve-^niijied  niaee  on 
Q0olir]|7,  and  does  not  give  equally  sharp  imprewfions,)  This  allo'y  ia  ftuvd, 
poured  into  a  perfectly  dry  pfLitohoard  tray,  at  loact  three  linw  in  depth, 
«tirrcd  with  a  hot  iron  rod  till  its  surface  is  freci  from  oxide  and  Blr  hnb- 
hk'»,  aud  U'ft  tm  qoul  to  a  semilluid  conttisteui'e.  Tho  medul  or  ci»n  ja 
then  heuted  till  it  can  scarcely  bo  held  in  the  hand,  then  ipiickly  laid  on 
the  alloy,  and  pressed  firmly  and  contlmiously  uu  it  by  nietutu  of  a  broad 
cork  fastened  to  a  bhodie,  till  th^  mass  hat  bocome  tolemhly  eool.  (R. 
Biittger.) 

Impre^ions  of  etcel  and  CiOpper  en^faviug^  inay  bo  taken  with  RoseV 
fusible  tnetAl,  hy  pWine  the  alloy,  just  na  it  be^^ina  to  cool,  under  a  ver> 
tically  acting  preae,  and  leaving  n  there  till  it  is  fiold.  The  electro-typ* 
plate  formed  upon  this  alloy  'iB  easily  eeparated. — If  the  copper  id  to  he 
precipitated  on  the  original  plat^,  the  latter  mu^t  ho  well  rubbed  with  oil, 
and  then  carefully  cleanaed,  these  operations  being  repotted  eeverat  ttme& 
(Marchand,  J.  pr.  Ckem.  23,  4G6,) 

If  oaatd  of  tilver  aud  gold  objects  be  made  in  Fusihls  metal,  tlie  copper 
reduced  upon  them  kae  a  wkita  or  yellow  tint  uu  its  earlaoe.  (Solly. ^ 
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Good  oifits  may  also  be  niade  with  melted  leadj  u  neomcMM  W 
^<ne«;  but  the  normal  ptates,  wbeu  rather  tbin^  become  oiikkdm 
AitDfted  by  the  best  which  Ibia  metal  requiree  to  fiue  it 

A  phit«  of  lead,  which  mttst  he  perfectly  deaii,  nixr  tileo  be  bad  w 
iStt  •BjiavBi  copper  plate  a-ud  STibje-.-ted  to  the  action  of  &  very  luwvrfil 
proas.  For  cuedalti,  whicb  may  be  placed  between  tvio  plft[«  a  hnd.  ft 
Tice  k  «uKcicut,  Jnipre8«.iaL]jc  ev^n  of  wood-cut£  luay  be  Imkc&  is  ImL 
For  this  puipow  roWvd  lend  must  h»  u»ed,  not  cast  uad,  wUdi  ii  laii 
aolnL  Tbe  impressions  are  very  sharp.  When  Ike  earner  lat  Wa 
ndaead  apoa  the  teaJ,  i(  may  bo  «epanited  to  a  fen-  aeooDiu  by  hBUmf 
tba  lundeT  sarf4c«  over  n  gpirit-lamp,  (be  separattirD  beio^  offeelfld  by  Bi 
iiSen^cv  vf  ^ipau^ion  «>f  tL^  two  metal!!!.  (Spencer.) 

BoltAvr  lay^  upon  ihe  medal  Ihin  sheet  lead,  freed  fnok  gnm  Vj 
mmas  \3  cxMntic  piitash,  ^urruuuds  the  whole  witii  n-c)l-mont«ii«d  |M*- 
kouit  and  BubmiU  it  to  tlse  pr'eeajire  qf  a  vice,  a  prveB,  or  I  kw? 
laawr.  To  keep  the  3>e&<l  pkte  from  beadiog,  it  ie  fastened,  witbnxti 
I  points  to  m  tbiclter  lead  plate,  and  then  sabjeeted  to  the  elMlrotTfi 
Sq«r»tiun  is  icasily  effoctLd. 

trndmOim^  Models.    Stearic  acid,  spermaceti,   wax,  {nloplwoy, 
.  Ik*,  wrre  for  seals  and  gems  which  do  uot  suataia  »  big^i  lenyt- 
Vlfttly  poaad«d:  plomhago  is  rubbe'd  in  with  cotton  or  lud  M 
liilfc  a  Ww^i  tke  impraesioQ  is  bowcvcr  ucrC  go  elmrp  ofi  whcu  n  liMUSic 

aMM  kt  ttM<L  <b»tt^.} 

To  girt  a  eoadaeting  sorfiuM  Ut  planter  ca«(«,  puto  models  nf  pm 
MlttbCimn  articlea,  vood-enu,  ic.  Spencer  {Pog^j.  31,  3Tfi>  weu  ika 
vHk  olTCir  soIatioD,  and  exposM  tlietn  under  &  Ml-j^r  to  the  vapour  i>fi 
solatMiiof  phMphoms  in  aWlioU  ctbcr,  or  oil  of  turpvottnc,  eoiiuinerfs 
a  mtcih-glus  pUrt'^  upon  Trarin  sand.  Eeductiuo  t^kc?s  plam  in  tw 
minut<^.  Porous  i^bjects  m^y  likewise  be  moistened  with  gold  solatia, 
and  the  gold  re.liiced  by  snlplmrotis  acid  gas.  (Speacer.) — ^The  n<dmi« 
of  silver  in  tliis  manner  Is  however  tedious  and  irregular.  Bottgvr  thm- 
fore  {Ann.  Fharm.  180)  recommenda  tbe  process  of  bc«ti»}>  a  fr« 
giwns  of  phoG|>horus  with  alcohol  and  a  small  quantity  of  potatb, 
admittini;  tbe  non-inflamniiiblfl  phosphuretttd  hydrogva  thtis  nUM 
iaio  tbe  ?pac«  in  which  ilte  plaster  mst,  aaturated  with  solution  vf  uItv 
ai>d  ttill  notst,  \a  aituateL    Rednolion  takes  place  iiietantlv. — l.\mt 

fe.  Ckimu  SS,  346)  mixes  up  liucly  pun'dcred  f^ypsuin  wich  &luf«^ 
«s«r  t^irf  iaatoad  of  water.  Tlic  ra&C  thus  obtaincsl  U  oovrndtate 
Aria^  Mit  •olaliOB  of  silver  and  exposed  bo  euciligbt ;  it  thou  aMM 
»W»««  mAtmg  trsm  lednced  silver,  and  is  well  adapted  for  Uw  dcf» 
liliaB  af  w^pWa 

Ta  ohtaM  «Mli  «r  %vea,  tho  fignro  foriaed  of  stearic  arid  is  rmicvl 
inflk  imwhuiI  id  Jacobi'e  ^iparatiu  B.    Th^  stconcaal 

ktlkW  wltod  ML  a  Uaddar  containing  tine  and  dilute  cnlphuric 
»»<fvtsM  it  Um  IwUdv,  tba  rcmaininj;  «pace  lilted  with  aolala*  ^ 
Af  dipfir.  Mi  tlit  luc  oMinMled  with  tho  copper  mouU.  ASm 
v«  tb»  a««ar  bmM  Mjr  hs  aspanlcd  from  tho  caA  fonaaJ  witUB 

eupMT  cbtawed  \y  Iht  aUetrotypn  prooesa  eooii  tarvMiM  m 
•»  iW  air,  IvcMOJ^  aomeiini**  yrlfow.  aometimes  red, 

It  he  Waled  to ndaaM,  wliervhy  it  will  ar()nirv  a  nnihn 
jfvT  tial.  aad  wkan  dawlr  coolo.1  will  be  pcrlwt^ 
pmipttaNd  t>T  falraalBactMMi  btvaks,  on  beUur  bM.  ai 
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it  is  as  flexible  aS  sh&et  copj*r,  [Spencer).— Copper  obtained!  by  ^Ivanic 
action  is  l  erv  Iiaril  anil  l)riule,  even  w-tien  it  (lOs  licen  pr^cii'itated  by 
very  feebli;  electric  current.  By  ignition  it  beconips  pcrfertly  soft  ami 
ninflciiljle.  Lilt  at  ibe  same  time  it  unrlergoea  coiisiilerriblo  es[[)nnai«n,  so 
that  ft  strip  of  ^Ivniiic  copper  5 J  inches  lon^  ia  lenjrtiiened  a  rjiiartcr  of 
an  Inch  aficr  ignitioii  and  cooling,  un  cxpaiiMoii  wbicb  anifiuiit^  tu  ^'y  of 
ita  IcTi^tb.  Hence  the  copy  of  an  engraved  plate  must  not  bo  igriitad, 
pnrlicTilarly  as  tlie  eipanttion  migbt  be  unequai  in  dlflere&t  direction?,  and. 
a  di^tfirtfld  picture  would  consequently  be  produced:  another  o5jjectif>n  is 
t!iat  tbo  ^tesLter  softneita  of  the  ignited  copper  would  diminish  tbe  number 
of  iinpreeeiuuR  tliat  could  be  taken  from  tt.  But  if  the  plate  be  heated 
only  to  the  temperature  of  mehinij  zinc  (about  227*  C.  or  4^)0"  F.)  it  will 
not  be  injured,  but  merely  r-o  far  deprived  of  its  brittleuc^^S'  us  nut  to 
break  niider  the  preaa.  (Qerltich.) 

Tu  oljtuin  electrotype  improsstoiM  and  copper  plate  engravings  from 
a  Daguerreotype  picture  [p.  17*'),  the  followiiif;  iimcess  is  adopted.  The 
plate  on  which  tlie  isoo-picture  ia  formed,  is  covered  on  tlie  back  and  cd!:ea 
with  ebctlac  varnish,  w  illi  the  ejccepticnn  of  one  spot  on  the  edge  to  which 
the  run iluc ting-  wire  is  afterwards  to  be  atlacbed.  The  same  treatment  is 
plieil  to  It  platinum  p!ale  iif  efjunl  size,  which  is  coated  with  pulv^eriieJ 

Eitinuin  hy  Sniee's  method  (p.  419)^  in  order  that  the  hydrogen  gas  may 
more  na^'ily  evolved  and  not  aixuniul:i(e  in  large  bubbles;  for  thia 
woLiM  weakoii  the  galvanic  action  on  the  upposite  part  of  the  s tin -picture. 
The  two  plates  are  dispiiaed  parallel  to  one  another  and  two  inches  apiirt. 
So  tven  grooves,  o-f  a  *ooden  frame,— and,  togetlter  with  thia  frame,  dip[>ed 
vertically  into  a  mixture  of  Iwu  measures  of  liydrocliloHc  acid  and  one 
measure  of  water  (wp,  jjr.  11).  The  clectrii-  current,  which  acta  upon 
these  two  plates — of  which  the  Daguerreotvpe  plate  plays  the  part  of 
anode  and  the  platinum  plato  that  of  catlioile — in  produced  \>y  a  singlo 
pair  of  Grove's  battery — zinc,  dilute  sulphuric  acid,  concentrated  nitric 
acid,  and  plaliiiuni  (p,  i2'2)  The  zinc  and  platinum  pktea  of  tfio  battery 
must  be  of  the  same  pize  a^  the  Daguerreotype  plate.  The  circuit  la 
cloyed  by  meanH  of  two  platinum  wirea.  The  [ilatminn  wire,  proceeding 
fnmi  tlie  platinum  plate  of  the  exciting  cell,  is  i)refi;se(I  upon  that  point  of 
the  Bun-pitturo  which  is  not  covered  with  tli  el  lac  ■varnish,  and  the  wire 
proceeding  from  the  zinc  pinto  Bimultnneou^ily  pressed  upou  the  uncovered 
spot  of  the  platinum  pktc,  an  as^^lataut  noting  tho  time.  The  action  i^ 
completed  in  an  interval  of  tijiio  varying  from  tweiity-6ve  to  tbirty 
§eeond8  (with  other  galvanic  appjiriitut";  the  time  would  he  diRereut).  The 
frame  is  therefore  taken  out  alter  twenty-five  aeconde,  the  plate  washed 
with  pure  water,  and  If  the  action  is  not  fonnd  to  bo  quite  roniplete^  ag^in 
Bubniitted  fur  a  few  seconds  to  the  electric  cUrt-eot.  Tlia  plate,  after  being 
washed,  ia  kid  in  a  fl^it  box  eotilatning  very  dilute  solution  of  nitimotiia, — 
the  picture,  which  of  a  hrf>w  n  colour,  being  turned  upwards — and  the 
pieture  gently  ruhhc<l  with  soft  cotton  till  all  the  i>rrcipitatc  is  disaolrcd. 
The  plate  is  then  luimedintely  taken  out,  washed,  and  dried. 

The  beat  mnrlo  of  ueing  a  plale  thus  treated,  Is  to  take  electrotype 
copies  from  it;  any  required  numhor  may  Ije  obtained,  and  all  very  exa^l, 
For  j)nnliug,  tho  plate  is  not  co  well  adapted;  for  if  it  bo  po  slightly 
etebcd  with  hydrochloric  acid  aa  not  to  obliterate  tho  finer  tniidioSj  the 
jirintiug  ink  will  not  hold  well  in  tbem,  and  the  impres^iions  ohuttned 
will  be  imperfect  ;  und  if  tbe  ui-id  has  noted  more  strongly,  the  ink 
adheres  well,  it  is  true,  but  the  Goer  traits  of  the  ean -picture  arc  destroyed. 
— A  Uogn^rreotypo  plate  may  indeed  be  directly  treated  by  the  eleci 
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type  procew  wittout  previonglj  snbjecting  it  to  the  actroo  of  bydroehlorifi 
Kcid  in  the  electric  circuit;  hi]t  sucli  tre:iliii«?nt  yields  oolv  &  •iujctt^  rerj 
fsfot  imprijssion,— i][]d  ii;  laktng^  tlii^,  tlie  xiri^inal  i&  doatjwsd.  (GnvSt 
PM(.  Ma^.  J.  19,  247;  20,  24;  bJao  J.  pr.  Chan.  23,  SSI,) 

1,  In  1700,  Galvani  diBPovcreJ  Ihut  the  expased  inu^elea  of  livtBj 
animnlB  are  tlirown  into  coRTuUioas  hy  contact  with  different  tiieUkU,  Mi 
iie  endeavo'jrcd  to  explain  tliia  plienompiion  by  Rssnmiii?  the  »t6t«nrfr  nf 
a  peculiar  kind  of  elect ritity,  whi^rh  he  mlletl  Aaiiiml  ElectricitT.  Vola 
■Bcrifjctl  the  phenouienon  to  Pomnion  electridty,  which  he  ^uppoeed  to  hti 
developed  by  tbe  contact  nf  Hissiinrlar  itietnls.  This  he  endeBToiircd  to 
prove  by  bis  FunJamintui  Es-pfimfnts,  m  1799.  In  ISOO,  he  iuveDt«l 
llie  pi!e  called  after  his  nnme — an  instVtiment  to  irbich  rtemistrv  vhm  noon 
Ifldebied  for  the  mo^t  impottaTit  ndvanccs,  Accordiiif;  to  VoUa's  Ciiutacl- 
theoTy,  Gnlvaniem  or  Galvniiic  Electricity  is  ppodDfed,  not  bv  chemiral 
cfanngea,  as  has  been  aas^meflin  the  prewnt  work  fpp.  828.,. 430).  tml 
aolcly  in  co'Dsequence  of  ih?  ^oninft  of  dii^iniilar  comiuclinp  todte.«.  On 
this  sqpposition,  Contact-elpctricity  titke§  (h<? place  of  Clieiiitrii.l-el«ptric{|j. 
The  hooding  principles  of  VoHa'a  theorv  are  as  followa. 

When  two  dissimilar  cnndnclorf',  r.^.  eihc  and  copper,  t^iael)  oM 
another,  a  verjr  small  quiintitj  of  positive  electricity  pa^^es  frooi  ths 
copper  to  the  ztnc  and  ati  ei|Ual  quantity  of  iipgative  electricity  from  lh« 
KiDC  tin  the  copper,  until  ti  roitain.  but  aln-a^e  very  Biiiall  electricftl 
tonsioD  18  attained.  In  contact  -with  lead,  also,  j.\nf  thkes  puntir«  elec- 
tricity while  the  lewl  takes  negative  electricity,  but  only  up  Ui  «  modi 
lower  degree  of  intensity.  On  the  contrary,  when  lead  and  copptT  nn*  in 
cootjwt,  the  lead  takcE  positive  and  the  copper  nepfttivc  eleetrieltv;  hut  in 
this  case  alaOj  the  intensity  is  leea  Ihnn  fn  the  case  nf  tine  ivnrl  cdpjicf- 
In  occordance  with  this  view,  an  Jilfdrie  Serifs  or  Srrifn  of  Jnfrtittiy  nS 
conductors  may  be  drawn  up.  proceediii™,  according  to  Volta,  aa  follovw 
Zinc,  Ifad,  tin,  antitncmy,  hra,'^^,  copper,  platintmi,  silver,  f^oM,  chsno*], 
graphite,  peroxide  of  inanpti!ie?e.  (This  pc-rica  has  pince  nndergm 
eeveral  alterations.)  Zinc  takes  positive  olectrieity  when  in  eontjirt  wttfc 
any  of  the  conductors  above  mentioned,  and  i»  therefore  the  most  elednv 
positive  of  them  nil ;  pcrosid«  of  manganese,  which  takes  negutiw 
electricity  when  in  contact  with  any  of  the  metalA,  is  the  mnat  elMttv 
iie^mive.  The  other  conductors  are  electriJ- positive  towarda  aU  thuiH) 
which  foElow.  .md  electro-neentire  toward.*  alE  which  pnwede  them  in 
the  eerie*;  but  the  electric  tension  of  t*(i  metals  is  greater,  the  fsrthrr 
they  are  removed  from  one  another  in  the  electric  series, — V'olta  likewijia 
euppn^es  that  a  poud  conductor  excites  eWtricity  when  in  cootaet  witii 
a  watery  liijiitJ,  the  metal  taking  tha  negative,  the  liqiivl  the  p^liw 
electricity.— AVhen  two  nietalfi,  kinc  and  copper  for  eianiplp,  are  is 
c«titiM  t  with  one  another  and  also  with  a.  ivatei^  tlonid,  tite  pnsilir* 
cleelricily  nc^-umnlatcd  on  (he  itne,  and  the  re2:afive  *-Wfriritv  nwnmo- 
Intcd  rm  thfi  copper,  nentralixe  one  another  thr<»«ph  thfi  medium  of  th« 
liijuid,— whereupon,  positive  electricity  asrain  paistH  from  tho<M>np»rUi  tlrt 
zinc,  and  in-ijalivo  electricity  froni  the  r,inc  to  llin  copper  TlMwo  ^jumi* 
titips  likuwiwL'  unite  through  the  mediuni  of  the  li'|nid,  and  thus  a  tymMant 
current  in  kepi  up,  positive  elecLrieily  paHsirij^  from  the  copper  to  tl]« 
j^uc,  fr^mi  the  zinc  to  th)3  linuid,  aud  from  Lho  litjuiit  lo  the  copper  a^Bla. 
c  decotui>o«ilion,8,  wWicli  viq  i\i\util  undergoes  durhij;  ihi»  |iroa(H^  an 
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^    Dot  tlie  cause  cf  the  eJeotrio  ourrent  as  ve  have  hitberto  mppOMd  (pp. 

3^] ...  345),  but  a  tonseqiioiice  of  It. 
'  This  theory  of  contact,  to  whirh  many  of  the  moat  di8tiDp:iiishwi  ciJ- 

tivatora  of  pliyai(!at  scieuco  tire  still  nttacned,  reaU  principally  nn  Volta't 
f'lrtidamm/ai  £xperim(uUf  ham  wliich  it  would  appear  tliat  in  the  con- 
tttct  of  HtBsimilar  metals,  even  whon  na  rliomically  acting  ia  prceont, 

electricnl  tecisioR  is  develupod.  fiat  even  if  tha  grvatar  niiiiiher  of  tliesa 
eiporfinents  lire  osflumed  to  he  corrcut,  i\\(ry  still  admit  of  another  inter' 
'  protutfoii,  in  accordauce  with  the  i^ujipnsitinn  that  chemical  action  ia  th« 
raiisc  of  tlin!  flcL'tric  tension  prniluwd.  A  fow  examplHi-i  will  pprlinps 
tnuke  tliia  chnr.  It  rwiM  prcviiiunly  he  stated  that  in  tlicsp  fixpeHnieuta 
a  jrohHaif  or  i^lraw-haulm  electrometer  fitted  with  a  eondcnstir  is  ucmd. 
TItc  tower  plato  of  tlie  condeiiacr  \b  screwed  on  to  tlio  elcetnimetor;  the 
ujigjnr  ptalo  may  be  rrniDved  liy  an  insiilaljn^  handle.  TEie  eurfacoa  of 
the  two  pLatei^  of  the  cimdenHer  which  touch  oac  another,  arc  ground  Yery 
Kmooth  and  covered  wiili  a  tliiii  coat  of  varniah. 
,  Jijp.  I.    Holh  plate*  of  the  condenser  consist  of  <inci.    The  lower 

xiuc  pkte  ia  tguche'd  with  a.  pii[iper  pkte  hold  in  the  hand.  If  tde  copper 
plnlc  h?  then  removed  itnd  the  uppi>r  plate  of  Llie  condeDHer  tiidis^iju^iitly 
raisoil,  the  electrometor  shuw«  posilive  electricity  in  the  lower  Einc  plat^-. 
Thin  plate  hna  therof<'re  taken  pusitive  eleelricity  frum  thf?  ci'pper  plate 
wliivh  touched  it,  [The  oxidizing  aption  of  the  air  und  of  the  naoietiiro 
eontitinfd  in  it,  setfl  negative  electricity  free  in  both  sine  plnte*:  this 
.  neig^-tive  electricity  \s  curried  away  from  the  lower  ^jnc  through  the 
'  ipopper  plate — aci^umuliitefi  with  eo  much  the  ^reiitof  intonaitv  in  thd 
upper  zinc  plate — and  givea  rise  to  a  transference  of  pOflitive  electricity 
from  (he  hand  through  the  copper  lo  the  lower  plaie,] 

Jijrp.  2,    Both  platea  fif  (he  fOtiden^er  cofifeist  of  Copper,     The  lower 
^Vla  touched  by  a  leinc  plate  hold  in  the  liaiid.    On  subiiei)Qeiitly  removinjl 
^  the  line  plato  and  rniHini*  the  cover  of  the  rntidenser,  the  electrometer 
t'xbihita  netffttive  olectrieity.     Ccjiuequently,  ncgativo   electricity  Iim 
paused  from  the  line  to  the  eopper.    [Xejirativc  electricity  aeciim'jlates  in 
ihe  zinc  whieh  h  in  contact  v  ith  the  moiRlare  of  the  hand  and  of  tlie  air; 
'      thence  it  passes  ilirniigh  the  hand,  wFiieli  i'^  nn  itnperfecl  conductor,  into 
'       the  lower  cfipper  pint*,  where  it  aeeuinulatee  in  ^rreater  qiiautity,  in  con- 
'      apf^ucTiee  of  the  conderaing  nrCion  of  iho  eovcr;  on  tlie  remoTal  of  the 
I       cover,  the  aecnnmlation  thoWB  itnelf. 

I  £rp,  3.    The  condensiufj  plalei^  aro  made  of  co])per.    A  xinc  plate  \a 

wldereil  lo  a  copper  plate,  and  the  lower  plate  of  the  cotideneer  is  toiiebnl 
by  the  copper  plate,  while  the  eiDc  plate  in  held  in  the  hand,    j^fler  the 
separation  of  the  copper  plate  and  cover,  negative  electricity  pIiowb  iteelf 
in  llie  lower  plate.    [The  same  exfduuation  as  iu  Exp.  2.] 
[  Esrp,  4.    The  Ranie  arraujireTneiitfi  »4  in  Kxp.  3,    The  {Hipper  plate  Id 

'  held  in  the  hand,  and  the  lower  plate  of  the  eornleiwr  tnitdied  hy  the 
sine  plate,  not  directly,  but  with  tlie  iDterjK>silioii  of  a  piece  of  mnislene<I 
paper.  On  removing  the  Rinc  phi te  and  covor,  the  eleiir"»(elep  ehowa 
^^^BOSitive  electricity.  [In  ron-w^^iience  of  the  oelicm  of  the  li<|uid  in  thi> 
^^^■Afif  OP  the  line,  negAtivn  e'leclricity  aeeumulalf!!  iu  (lie  zinc,  and  posi- 
^Hhtb  electricity  >n  the  lir^nid  ;  tl>«  poaitive  cdoctricily  U  consequently  com- 
^VatVnicated  to  the  plat<j  of  the  rnndenser-l 

Tlmt  zinc  and  other  inetaU  oxidate  in  the  air  (it  eommoii  temperatures 
is  proved  by  their  tarnishing;  even  guld  and  platinum  become  slightly 
tarnisbed.     An  E>\trenicly  tliLdit  deL'ree  oF  oxidation  is  sufficient  to  giv« 
^^^ri>^eDt  eigDi  of  electricity.    (Thia  is  Ukeviue  shown  hy  Faradav's  exne^ 
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riment,  p.  37fl.)  Moreorer^  a,  c«rtttiD  time  is  always  reqnireJ  for  char;. 
ing  (he  cuniJenscr;  the  transference  of  electflcity  is  not  Tnoinentarj.  A 
thin  layer  of  varnisli  liocs  not  protect  tlie  tmc  jierfectly, — it  allows  air  to 
pasa  thtougt;  but  the  thicker  the  coatinp,  the  more  does  the  developim-nt 
of  electricity  diminbsh,  finally  ceasing  altu^Mber,  (De  la  Rive.) — Ou  iho 
contrary,  Feclinpr  remarks  that  even  thickly-v amiehed  zinc  plates,  to 
whicli  brass  or  platinum  i6  soldered,  give  the  g»nic  electricity;  and  that 
electricity  is  likewiise  obtained  with  gold  and  graphite,  imd  with  silver 
ami  gold,  Imt  not  witli  ^oM  and  plutjnutn,  becauge  tbc^e  two  luctiLla  aro 
too  near  to  one  auothcr  in  the  electric  seriea. 

The  electrical  series  of  metals  eorre^ponde,  for  the  most  part,  to  their 
diiTereot  de^^ea  of  alGnitr  for  oxygen  and  fiubatancee  allied  to  It. 

The  tieries  varies  according  to  tlie  nature  of  the  liquid  {vid,  pp.  3j). 
352,  353,  3<i3,  364,  3@C,  374,  and  37.')),  thEt.t  nietil  whicb  bfts  the  grvalcr 
tendency  to  eombine  with  the  electro-iicgsitive  element  (onygen,  isulpkar, 
A'c)  of  the  given  liquid,  always  a.iif>eariug  the  more  positive  of  the  twoj 
and  the  reversal  of  the  current,  which  Bonietime^i  occurs,  always  corre- 
epond:^  to  tlic  ^reati^r  tendency  which  tlae  other  metal  thew  acmiireu  to 
appropriate  the  oxygw,  itc.,  of  the  IttjuiJ,  According  to  (be  chemical 
thpiiry,  therefore,  the  expliinaiion  of  these  pbenomena  is  i»elf-evideiit ;  but 
if  we  adopt  the  contnct-theory,  we  are  obliged  to  suppose  tbnt  dtflereut 
liquids  produce  various,  and  often  very  high  electric  tensions  when  in  con- 
tact willi  difiercnt  metal.«,^ — and  that  the  tensions  thus  produced  overcune 
that  which  eiciets  helwcen  the  two  nielalfi,  tlm*  giving  the  ouircnt  an  its- 
nsaai  direction.    But  the  cause  of  these  difTerenees  U  by  no  means  obvinus. 

Tn  all  rases  in  which  chemical  action  is  absent,  there  is  either  uo  rur* 
rent  or  a  vory  feehle  and  uiicertnin  one,  which,  aa  shown  by  Faraday  aud 
J)c  la  Rive,  may  he  attributed  to  ;i  trace  of  impurity  in  the  liquid  or  tlio 
metiilii,  more  especially  as  the  ^Ivancvmeter  used  in  such  experimeute  is 
poBscPsed  of  extniordinary  aeHsibilUy,  Why  is  it  that  gold  gives  nc»  cur- 
ront  with  platinum  In  nitric  acid,  although  that  acid  is  a  good  eondiictor t 
— and  why  does  the  addition  of  a  drop  of  hydrochloric  acid  protince  a 
Etrong  cnrrent,  mnklng  the  goM  poeitiveJ  Similarly,  platinam  given  no 
current  with  rhodium  in  nitric  aqid,  but  becomes  positive  on  the  addition 
of  hydrotblorio  acid.  Palladiuni  give§  no  current  with  jdatinum  in  bydriK 
chtoric  acid,  but  becomes  posiElvE>  on  the  ailditioi]  of  nitric  acid,  Ac,  Ac. 
(De  la  Rive.)  So  likewise  iron  and  platinum  in  solution  of  Biilphuret  i»f 
potassium  give  no  current,  hecaiiso  neither  of  tbeni  ab^traet^  sulphur  fruni 
the  ]i({Oid ;  but  all  metals  which  act  in  that  nLanner  produce  a  cun»*Bt 
(p.  373)-^ — Lend  in  sulpbiiret  of  potassium  ie  positive  towardu  plHtiiium 
■when  drat  immrrspd;  hut  nfter  two  minutes,  the  current  ceaw§  eniirrly. 
hecause  the  lead  hecomea  covered  with  fiul])huret — which,  though  it  coo- 
ducta  the  feeblest  current,  prevents  the  access  of  the  lii]uld  lo  the  len*L 
(Faraday.)  In  all  caaea,  (lie  inetjul  which  takes  up  oxygen  or  ebloriue 
becomes  jMifiitive;  and  when  the  li'piid  is  of  eucL  a  nature  that  neilher  of 
the  two  metals  ciin  take  from  it  any  element  of  that  cla*i3.  no  current  jji 
produced,  however  well  the  liquid  may  couduct. — It  is  remarkahlie  that  do 
current  is  produced  in  any  case  in  which  chemical  action  is  abscDt.  Nov, 
according  to  the  contact  theory,  there  must  in  eveiy  such  instaoee  ha  an 
exnci  cc(uilibriuni  between  the  electric  tonsiona  of  tlio  metal  a  and  tha 
incUil  f;  tbo  liqnid  and  tlie  metnl  a,  ikod  the  liquid  and  the  metal  t.  Tlitu, 
the  thciiry  rei|uireK  a  fpecial  adapation  to  each  particular  cufe;  It  u  inca- 
pable of  predictine  anytbiug.  (Farodny.) 

No  circuit  of  three  solid  conductors,  cy.,  pUtitunj,  tine,  uidpvroxiilt 
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of  lead  (or  a.uy  imperfectly  condocUDg  mineral),  ever  prodnces  a  current 
(Faraday) ;  tfae  presence  of  a  deoompoable  liquid,  whose  atoms  are  sns- 
oeptible  (H  transposition,  appears  to  be  indiepensable. 

But  the  etron^t  objection  to  the  theory  of  contact  is  to  be  found  in 
the  absnrdit^es'which  it  inTolves.  It  is  not,  as  Faraday  obserres,  very 
easy  to  understand  why  the  unknown  force  which  oanses  posiUve  elec- 
tricity to  accumulate  in  the  zinc,  and  negative  electricity  in  the  copper, 
does  not  retain  these  electricities  in  the  metals,  but  allows  them  to  reunite 
continually  throngh  the  medium  of  the  less  perfectly  conducting  liquid, 
and  produce  a  continuous  current.  This  again  seems  to  imply  that  the 
decomposition  of  the  liqaid  is  the  primary  cause  of  the  current.  Who- 
ever does  not  regard  it  in  this  light  must,  as  Faraday  has  shown,  admit 
the  possibility  of  Ferpetual  Motion.  To  produce  this  phenomenon,  we 
only  require  two  metals  and  a  liqaid  whose  elements  do  not  combine 
with  either  of  them.  The  self-reverting  current,  constantly  excited  by 
these  metals,  may,  by  means  of  electro-magnetic  arrangements,  be  made 
to  give  motion  to  machinery,  without  being  weakened  and  ultimately 
destroyed  by  this  expenditure  of  force.  At  the  same  time  it  perhaps 
decomposes  the  liquid,  water  for  example ;  and,  in  order  that  this  liquid 
may  not  require  renewal,  the  detonating  gas  ^iveu  off  may  be  collected  in 
a  vessel  containing  spongy  platinum,  where  it  will  recombine  and  form 
water,  and  in  that  state  ma;^  flow  back  again  to  the  metals.  And  there 
we  have  the  jPerpetual  Moiwn  comj^lete  1 

One  force  calls  aaetherinto  action  ^-^otion-^lectricity  is  excited  by 
mechanical  force;  thenno-«Iectrieity  is  connected  with  the  motion  of  heat ; 
but  contact-eUctricity  proceeds  from  nothing, — it  is,  in  fact,  a  creation  of 
force.  (Faraday.) 

Even  supposing  it  should  hereafter  be  proved  that  electrical  tension  is 
excited  by  tlie  contact  of  two  dissimilar  conductors,  and  that  the  contact- 
theory  is  80  far  true  :  still,  mere  contact  in  a  state  of  rest  wilt  never  pro- 
duce a  continuous  current;  such  a  current  can  ensue  only  from  continued 
chemical  action. — It  is  urged  on  the  part  of  the  contact-theory  that  strung 
chemical  action  is  often  accompanied  b^  very  feeble  currents.  The 
chemical  theory  explains  this  fact  by  pomtiag  to  the  difference  between 
electro-chemical  and  pure  chemical  action,  the  former  of  which  alone 
excites  a  current.  The  contact-theory  regards  this  distinction  as  an  un- 
demonstratcd  hypothesis,  assumed  to  meet  a  particnlar  case.  But,  accord- 
ing to  the  chemical  theory,  the  dii>tinotion  is  manifest;  for  the  amount  of 
electro-chemical  action  is  exactly  proportional  to  the  quantity  of  hydro- 
gen gas  evolved  on  the  snr&ce  of  the  copper— and  t^e  amount  of  pure  or 
ordinary  chemical  action,  to  the  quauU^  evolved  on  the  surface  of  pure 
zinc. 

It  is  often  objected  to  the  adherents  of  the  chemieal  theory  tl»t  they 
do  not  snffiuently  understand  the  theory  of  contact.  May  it  not,  on  the 
other  hand,  be  safely  asserted  that  many  adherents  of  the  oontact-theory 
have  never  yet  given  themselves  the  tronble  to  aeqaire  a  thorough  know- 
ledge of  the  chemical  theorjrt  On  no  other  snp|Kisitjon  is  it  |ios8ible  to 
explain  their  frequent  citations  of  facta,  which,  in  their  opimon,  oug^t 
completely  to  overturn  the  chemical  theory,  when  in  reality  they  are  in 
perfect  accordance  with  it; — just  as  in  former  days,  many  philosophers, 
especially  among  tfae  Germans,  from  too  great  partiality  towards  the  old 
theor;?  of  phlogiston,  endeavoured  to  support  it  by  the  most  ingenious 
expositions,  without  paying  sufficient  attention  to  the  new  antiphlogistic 
theory. 
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diriilcd  into  two  great  classes — the  Majneite  and  iLo  Diamagnetia.  The 
former  cl&aa:  inclmW  tliose  bo<!les  wbtch  exLibit  the  well  known  phe- 
Domena  of  ordinary  mnynelic  iittnictioii  niid  repulsion, — heing  attracUdf 
when  in  thdr  natural  statp,  by  ptther  pole  of  a  mftgnet, — and,  wlieo 
4ha.pc<i  intu  bars  or  rode  Hnd  suspended  betwe*"!!  two  opposite  ninguetic 
lefl— p^)i^lLiH5(^J■^'l^^^/,  that  is  to  say,  in  a.  etrafght  line  between  theiri.  The 
di«s  belongine  to  tliifl  c[a3S  are  n-fi  metallic  (including  uxidus  and  salts), 
■viz.,  iron,  uickef,  cobaEt,  in^LngaDGse,  chrymimn,  corium,  titaniuin,  palla- 
dium, platinuTiij  osmititn.'— Tho  magTietio  prupertioa  of  irou,  nickel,  and 
«obaU  b;jv?  long  been  known,  lu  the  otlier  inctaUof  the  ewrieG,  magnetio 
SBscftptihility  ctn  only  be  detected  by  tlie  use  of  magneta  of  great  puwer. 
Manganese,  chromjnm,  cerium,  titanioro,  and  osmium,  are  placed  by 
Faraday  in  the  magnetic  chiss,  becanae  certain  of  their  DOmpouuda  exhibit 
the  ofdinary  magnetic  reliations. 

The  sceonJ  or  Viamiirfnellc  tloAi  incldde»  all  It(|iiid8  and  soHds,  both 
organic  and  inorgsLnif,  which  do  ant  beloug  to  the  maffnttic  class.  The 
law  which  governs  tlio  actiott  nf  magnets  on  these  bndies  la  aa  TolJows, — 
A  partich  (.fa  tlinntngnffk  buc/i/  plaeed  in  the  imghhotirhaod  of  eUKer  poU 
of  a  mayiift  i*  rrpelled  hj  that  pole. — Hence  it  follows,  that  a  bar  of  any 
oianiftgnetic  Hubsfiinoe.  snapended  by  its  centre  midway  between  two 
magnetic  poles  will  puint  equitfariallif,  that  is  to  aay,  at  right  angles  to 
the  straight  line  joining  the  two  poten — that  being  ttie  position  in  which 
every  part  of  it  is  at  the  greitteat  possible  dBstance  frorn  each  of  the  pi>le3; 
— and  if  ita  centre  ho  placed  on  either  side  of  the  axial  line,  the  whole 
bar  will  recede  from  that  line,  placing  itaetf  at  the  same  time  eqwatorially. 
A  globe  or  cole  does  not  point,  hnt  exhibit.?  the  uimple  phencmionon  of 
repalflion. — If  two  Hniall  hatla  of  any  diamagnetie  eubstanet!  bu  aiiepended 
between  the  two  magnetic  puled,  they  will  be  driven  towards  one  auollier, 
an  if  they  were  iietuuted  by  Riiitual  attraetion.- — The  position  which  a  bar 
of  any  Buhstanoe  takes  up  when  auapeoded  horizontally  lietweeu  twomag- 
Dotie  poles  funiishob  the  boat  means  of  determining  whether  it  belongs  to 
the  magnetie  or  the  diunuignetic  eloae; — if  it  be  magnctiCf  it  will  place 
itself  a^iidly;  if  diama^netiv,  eqmttorially. 

The  diamagnetic  force  cannot  bo  perceptibly  developed  withont  the 
use  of  excuedinply  |>oworfiil  magnets:  elect ro-raa^els  an«wer  tb?  pur^ 
pose  beet;  but  large  permanent  magnets  may  also  bo  used.  The  great 
power  roiiiiired  to  develop  this  mode  of  action  explains  the  reason  of  its 
nsiving  been  previouflly  overlooked. 

Bismuth  appears  to  be  the  most  powerfully  diamagnetic  of  all  Muh* 
stances;  then  follows  ptospborus,  then  antiraniiy,  then  heavy  glasa  (wlico- 
liorate  of  lead).— Among  the  metals,  tho  onler  of  dianiagnolie  energy 
appears  to  be  as  follows:  Bismuth,  antimony,  tine,  tin,  cadniium,  Sodium, 
mercury,  lead,  eilrer,  copper,  gold,  arscniCj  iirauiui,  rho<linm,  indium, 
tungsten. 

Some  remarkable  results  are  obtained  when  eolutiona  of  mo^etio 
Il<juid4  in  scaled  tubes  are  suspended  in  vessels  lillcd  with  soliatlons  of 
similar  nature,  but  different  strength,  and  placed  between  the  magnetic 
polca.  For  instance,  protoaulphate  of  iro'U  i*  n  magnetic  substance^  being 
atinwtcd  by  the  magnet,  and  {>ointing  asially  between  the  [Hjles.  Now, 
water  being  a  diamagnctic  liquid.  It  is  possilde,  by  varying  the  streDgth 
of  an  aqueoos  solution  of  proto^ulphate  of  iron,  to  maku  it  cither  mag- 
netic^ indifferent,  or  diamagtietie,  when  auapcndcd  in  air.  Suppose^  then, 
two  (Hilutiona  of  this  salt  to  be  prepared  of  different  etrcogtlia,  bnt  such  as 
to  Iw  both  magnetic  in  air.    Let  one  of  these  aolutiona  be  put  intc 
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tube.  and  the  otlter  into  ajar  witJiiQ  whicL  tlie  tqW  is  to  be  fitisi»n3«J,— 
lliB  opposite  piiles  of  a  powerful  electro-magnet  being  placed  »n  either  tinit 
oftliejar.  Then,  if  the  tube  bo  suspended  horiiontally,  with  lU  centn 
midway  botn'een  the  pjle^,  it  will  itself  in  tKo  axial  or  e<{UJiLcral 

poBiti'in,  accor(iiu(rly  ^  tlie  solution  which  it  contuns  is  stronger  V 
weaker  than  that  la  the  jar;— anJ  if  St  be  suspended  verticitlly  n**r  1« 
gne  of  the  poleSj  it  will  be  attracted  in  the  former  rase  and  repelled  it 
the  latter. 

Th*?se  reauliA  suggest  the  consi deration  whether  the  tnngnetir  »nd 
magnetic  conditions  of  matter  may  not  be  merely  relative, — wli-'lhrr,  it 
fact,  all  lioilios  nifty  not  ho  magnetic  in  diiTcrent  degrees,  fnnnim;  uM 
great  series  from  end  to  end,  ifith  air  in  the  middle.  This  snppo«j lioB  ii 
cotiaiilerably  strpni;tbcned  liy  el  review  of  the  tnagnette  and  diftitutfiirU 
cnnditinus  of  giieefi  to  be  immediately  described.  A  Rxeat,  if  not  lu&apM- 
able^  objection  to  it  is,  however,  tliat  it  n'ould.nbli^  us  loiidmitlbu 
mere  epaca  \s  maguctip, — Mince  bitHmnlb  and  ull  otlit-r  drama^etir  boJid 
cslilljit  the  eanio  pbciionrena  in  vac«o  ae  in  air.  FBrmlay,  tbervfacr. 
inclines  to  tlie  tjuppnijitiun  that  d ianinj^otics  have  a  speciHc  aotiOD  aoti- 
tbetically  dii^Uiict  fi'oin  that  of  ordinary  mii^netiv  action.  i^Brprriunt^ 
Jieseaivfies  in  £Uctrici(»f,  Series  20  and'21,  Hil.  Tram.  1846,  I.  21.) 

Air  and  other  gLieea  exhibit  decided  inagnotic  and  iliam»cita« 
relations.  In  his  lirat  exporinienta  on  this  subject,  Faraday  vnus  iri  v 
the  conclusion  that  gofoous  bodies  were  indifieront  to  magnetic  aeti* 
forniini^  tlio  zero,  or  middle  point,  Iwtween  tb«  two  classes  of  maeoKt 
and  dr:i magnetic  bodies.  Bnncalari  has  however  since  discovenn  t4B 
flame  pnsseesea  diamagnetio  properties;  and  Zantedcschi  ha£  aboim  ti^t 
air  and  otiior  gasejj  likewise  o^htbit  diamagnetic  re]a,tioiu.  TIm 
searches  of  the^e  Itulian  pliilosopbera  baro  been  confirmed  and  oitenU 
by  Dr.  Faraday:  the  following  are  the  priocipal  results. 

An  atra.ngemcnt  was  niade  by  which  a  Mream  of  Any  gu  ooold  )« 
delivered  in  a  vertical  direction,  either  npwftnls  or  downward*,  aeardt 
middle  point  of  the  axial  tine,  hctivecn  t^o  powerfid  m&gnetic  fnht  J 
op|)ns]te  namee,  but  at  aeborb  clii^taitce  on  one  side  of  that  line.  Dv 
arrangement  it  was  found  that  the  following  gases  were  driven  a.w»j  b« 
the  mn^netic  axid  and  passed  off  in  the  equatorial  direction — that  u  u 
say— they  exhihited  diamngtielic  relations  witli  regard  to  aiino«T>l"^ 
air:  Nitrogen,  hydro;jen,  carbonic  acid,  carbonic  oxide,  coaI-g»*.  ' 
gas,  sulphurous  acid,  liydrochlorie  acid,  bydriodie  acid,  fluorido  of  ■:;  ■ 
ammouia,  elilorine,  uilrous  oxide,  and  the  vapours  of  brvtmine  aaa)  iixiai 
Nitric  oxide  and  hypouitric  acid  were  also  elighlly  diamagriotic  in 
OiyE[Pii  wiM  fllronply  magnetic — that  is  to  eay,  it  was  dniwn  townnUtlr 
axis,  und  then  n-long  it  in  opposite  directions  towards  tbo  two  |K>Im, 
which  it  accnnuilated. 

The  (irst  mentioned  gitsett  evidently  differcil  from  each  other  ■ 
diainagnetic  piicrgy;  hut  it  was  found  iiiipossihle  by  tbo  iiiesna  »lc»» 
doScrithed  to  fnmi  anything-  like  h,  precise  e*titiin1e  of  tb^ir  fylatf" 
powers.  To  determine  this  point,  the  magnetic  poles  were  siimMnU 
witli  nn  atmoBpiiere  of  one  gas,  while  tlie  other  gw  vruB  dlrectnl  »  » 
vertical  stream,  cither  upwards  or  dowtiwards,  near  tbc  axial  ItM  M 
before.  By  this  method  it  was  found  that  (I)  It  Mritonic  otW  Mi' 
Air  and  oxygen  passed  axially;  nitrogen,  hydrogen,  oottl  na,  olcMt 
gas,  hydrochloric  ncid,  and  ammonia,  equMtorially:  eo  also  did  mitmii 
oxide  and  nitroua  oxide, — but  the  action  was  focblo.  /n  nuif  ^i' 

Air  appeared  niagiieticj  though  but  eti^htly;  ox^'gen  wna  ntionglj  w»f 


netic: — Dltrogen  wa&  strongly  dmniagDctic j  olefiaut  gas,  carbouic  oxide, 
and  earbonic  acid,  ftebly  ag.  (3)  In  hydrofftn  gm:  Air,  wlien  freo  fr"nn 
smoke,  passed  axjalJy;  but,  when  raiKcil  with  smnke,  it  wa«  eitJier  indifib- 
rent  or  pussed  eijuiitorittlly;  LytEroj^en  gas  anil  atuiospheric  mr  soem  to 
J.IO  DQt  far  renjoved  from  one  anflther  in  tbe  scale.  Osyyen  wsus  slrongly 
magnetic;  nitric  oxide  also  miLgnetic,  but  in  a  less  .le^roe.  Nitrogen  waa 
etrongly  diamagU'etic ;  nitrous  oxide,  carbonifl  Oxide,  carbonsc  acid,  and 
o^eliiint  gaa  w«re  also  diamagiietic ;  hydrocbtoric  acid  and  cblotiiie 
elipLtly  eo. — Oxygen  ajipcais  to  be  tlno  most  magnetic  (or  least  Jiamag- 
netic)  of  all  ^osea 

Wbea  !L  spiral  of  pljitinciiii  wire  was  placed  just  belo'ir  the  middle 
point  of  the  axial  lino  and  ignited  by  a  vnltaic  currtnt,  tbe  istream  of  hot 
ftir  wiiidi  rose  up  agaiiijit  the  a^ial  lini:;  was  deflected  at  rigbt  angles  to 
tbe  axis,  and  pasue^d  off  in  tbe  equatorial  direction.  The  saino  effect  was 
obbLiDeii  in  oxygtn,  (;^rbonic  -acid,  atid  coal-gas.  Hence  it  appears  that 
a  beftted  gas  ia  difimagnetic  to  tbe  ^nic  wben  cold. — A  Btrc:iiu  of  cold 
air  directed  doTrnwards  near  the  axial  lino,  waa  drawn  towards  tluLt  line. 

The  flame  of  a  wax  taper  or  of  burnin"  ether  also  takes  an  equatorial 
direction  wbeii  placed  in  or  near  the  niiddlo  of  the  axial  line.  When 
placed  A  little  on,  one  aiiEa  of  the  axis  it  is  directed  away  from  that  line, 
jiiBt  aa  if  a  gentle  wind  were  blowing  upon  it  in  that  direction.  When 
made  to  rise  exaelly  in  tbe  axEa,!!  line,  it  divides  itself  into  two  tong 
tonuinca,  directed  at  right  angles  to  the  axis.  This  effect  is  particularly 
striking  with  the  large  flame  produced  by  Betting  fire  to  a  ball  of  cotton 
eoaked  ii  ether.  These  effects  are  erldently  analof^oua  to  thofse  jiiijt 
doseribed  with  Lot  air;  but  they  are  doubtless  partly  duo  to  Iho  solid 
carbon nceo lis  particles  in  the  flame,  whicli  are  known  to  bo  diamagnetit:, 
In  corroljoration  of  this  eupposition,  it  ie  found  tliat  tbe  brighteijt  tlaniea 
are  the  most  strongly  diauiagnetic,  (Faraday,  Pliil.  Mag,  J.  31,  401i 
see  altjo  ZaDtedeschi,  ib.  31,  431.) 


OiTR  knowledge  of  the  Magnetic  Forces  boa  lately  received  tbe  fol- 
lowLEiv  most  important  extension.  In  the  Bakerian  lecture,  delivered 
before  the  Koyal  Society  on  tlic  7th  of  Doceuiber,.  1848,  "  On  the  Cryttat- 
tint  Folarilff  of  BismuUi  and  oUier  Bodia.  and  iis  Heiation  to  ike  Mag- 
netic Form  of  Force," — Dr.  Faraday  etates,  that,  in  preparing  smatl 
cylinduFH  of  bismuth  by  caftlug  Lbeni  in  glass  tabes,  bo  had  often  been 
embarrassed  by  the  anomalous  reaulte  which  they  gave,  and  that  having 
determined  to  iuvestigate  the  matter  closely,  the  enquiry  euded  in  n 
referGncG  of  the  effects  to  the  erystflSline  condition  of  the  bismutli,  as  may 
be  thua  briefly  stated.  If  bismuth  be  crystallized  in  the  ordinary  way, 
and  then  a  cryafal  or  a  group  of  jsymmctric  crystals  be  selected  and  sus- 
pended in  the  magnetic  tiold  between  horizontal  poles,  it  imniediately 
either  ]ioin(s  in  a  E^iven  direction  or  vibrates  about  that  position,  as  a 
fimall  ina^^etlc  needle  would  do, — aud,  if  disturbed  from  tbi:^  poaitiooj  it 
returns  to  it.  On  reenspending  the  eryatal,  so  that  the  horiKuntal  line 
which  is  transverse  to  tbe  magnetic  axia  Bhalt  become  tbe  Tertical  lino, 
the  crystal  points  with  Ila  maximum  degree  of  force.  If  it  be  again  re- 
euspendeii,  bo  that  the  line  parallel  to  the  magnetic  axiA  be  '  "er- 
tical,  tbe  crystal  loses  all  directive  force.    This  line  of  di  b 
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or  uChfrwlw,  vfea  t«inuuig  its  _  _ 
mVM  paraOA  or  tn—iifw  to  the  Gm  oI  awiMtic  fom  aetiBg 
it  F«r  tUi  paipMB,  the  C97AI  wM  aMpiwnw  eitlier  &an  m 
taknee  or  u  a  pcndalom  tUrtj  fcet  m  lo^li;  bm  wtutenir 
|MMilMB  of  the  ma^e-crj-sUllic  kxls,  t&e  uMMut  of  rtpDl«i«i  wm 
«■»«.  In  oih«T  eipCTiment^  a  rertieal  utk  vis  eooftnwted  of  coi 
■IDt,  BD'I  the  body  to  be  exuntn&il  ra  attMhed  at  rigbl  astglM  to  u  a 
mrliaa.  A  prtstnatu!  cfjstal  of  mlpbato  of  iron,  for  ittrtaaecif  «1hm 
lpi)(^lh  wu  foar  tnnes  its  breadfb,  wm  fixed  oa  Ifae  axu  willr  iti  Inflb 
a*  mdiu  aod  iU  nta^c-rryBtaUie  axis  borii^aUl,  and  UterefoK  m 
tan^t:  then,  when  this  crystal  was  at  nvt  uuder  th«  tornon  fow  ^ 
the  BXiJ,  an  Gtectro-ma^ctic  pole,  witli  a  coDk-ui  tcnainationr  wai 
pliirM  that  the  axial  line  of  magnetic  fvrco  abould  be,  whoo  «x«ri«J, 
nbli<|wn  to  both  tUe  lengtb  and  the  niajpie^cnrBtallir  axis  of  tho  rtjnUl; 
and  ihn  conMqDonco  w^,  tliat,  when  the  electric  cnrrunt  (.'in^iilaletl  ivaai 
itiiQ  maji^icf,  tho  rryatul  actiially  iwfdeJ  from  the  miij^ct  Qtidvr  tkt 
Inflnmrrj^  of  Lhn  Torrx!,  whioh  Lenik'd  to  ploco  the  iiisi:uu-crytitall>c  uul  lit 
iiiuLTni-lIc  nxU  jinrallcl.  Ein}ilovitig  a  crystal  ur  a  plalo  i^f  bistontb,  tW 
bodjf  ciiiiM  be  made  to  approach  the  niugnctic  jiolc  nndrr  the  tnflucBceof 
t^fDO-rrvfllullir  fureci^  and  this  force  is  etrou};  a«  to  couBtcnd 
iQ  tPtidoncy  of  llio  magnetic  Ijwly  to  ftpproacli  or  yf  tbo  'liaffy- 
.  ly  tw  pctroal,  when  it  ie  exerted  in  the  contrarj^  direction.  He*c<« 
ar  [lonvLudoJi  (.bnt  it  is  neillier  utlrnction  uor  TvpiUuoB  ikit 
I  nt  or  ilotvnnine?  tho  final  [•ositiun  of  a  magno^jiUflie 
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body.  He  next  conaiden  it  aa  a  fores  depiendest  apon  the  eiyatalline 
oonditioD  of  the  body,  and  therefore  associated  with  the  oris^nal  malecular 
forces  of  the  matter.  He  shows  ezperimentaUly  that  as  the  magnet  can 
move  a  crystal,  so  likewise  a  crystal  can  move  a  magnet.  Also  that 
heat  takes  awa;^  the  power  jost  before  the  crystal  fuses,  and  that  cooling 
restores  it  to  its  onginal  direction.  He  next  conmders  whether  the 
eflects  are  doe  to  a  force  altogether  oii^nal  and  inherent  in  the  orystal, 
or  whether  that  which  appeals  in  it  ia  not  partly  indnoed  1^  the  magnetic 
and  electric  forces;  anof  eonolades  that  the  force  manifested  in  the 
magnetio  field,  which  appears  by  external  actions  and  caoses  the  motion 
of  Uie  mass,  is  chiefly  and  almost  entirely  induced,  in  a  manner  sabjeot 
indeed  to  the  crystalline  force  and  additive  to  it,  bat  at  the  same  time 
exalting  the  force  and  the  effects  to  a  degree  which  they  could  not  have 
approa^ed  without  the  induction.  To  tiiis  part  of  the  force  he  applies 
the  word  Magneio-cryttaUicy  in  contradistinction  to  magne-crystallio, 
which  is  employed  to  express  the  condition,  or  quality,  or  power  which 
belongs  essentially  to  the  crystal.  In  conclusion,  Dr.  Faraday  remarks 
"  how  rapidly  the  knowledge  of  molecular  forces  grows  upon  us,  and  how 
strikingly  eveiy  investigation  tends  to  develop  more  and  more  their 
importance,  and  their  extreme  attraction  as  an  object  of  study.  A  few 
years  ago,  magnetism  was  to  us  an  occult  power,  affecting  only  a  fev 
bodies;  now  it  is  found  to  influence  all  bodies,  and  to  possess  the  most 
intimate  relations  vith  electricity,  heat,  chemical  action,  light,  crystal- 
lization, and,  through  it,  with  the  forces  concerned  in  cohesion;  and  we 
may,  in  the  present  state  of  things,  well  feel  orged  to  contiDne  in  our 
labonia,  encouraged  by  the  hope  of  bringing  it  into  a  bond  of  onion  with 
grarity  itself.**  (^tjUntBtiat,  No.  1103,  p.  1266.) 


END  OP  VOL.  I. 


Plate  III 


Op  _  Cnlu 


8 

K-  -  -O 

n 


Cl  H 


I 


S  Hg 


i  • 


C.O  CO' 


SO' 


[O* 


Cn 


20 


71 

OK  C 

2C0L 


22 


za 

o_  o*s 

1 


14 


3N0 


0-. 


31 


3S 

Cl  n 


QL_K' 


a  a* 


0_JH 

:>a-j  |_c&o 


5  S' 


-Ca 


s  s' 


_  _0' 


S!  H- 


44 

Ai-  (>• 


1  lb—  .  _  S' 
CXL  Hg* 


M  47 

KD^  CO'     NaQ^  SO* 


SO?  N«0 


TIO£__B»0 


4a 

ysa  CO" 

MO*-  C«0 


CM)"  KO 


Frfy 


201  20 

2SO'' 


.IT 

Wvit-  'Ml 
2010  .-SSO* 


SB 

O  H 

SiOlJ 


IB 


IB 


i 


It_  _N 
i».  ,  S 


2H_2S 

ai  s 


70 

AH  _AI 

si  1 


71 

H'  N 
ii  JS 


72 

30  _  OON 

LI 


MnO  .0 


a 


BO 

E_A.  ,B 
E_A -  -1) 


n 

Pe  O  _H 


U 

C  0  -,  J)C 

C_0 


•9 

C1_jO*  ,  P 


B4 


H — O  -  K 


m 

H  I 


O-    .  0^ 


SI 

NIP  -  CO- 


NnO  .  SO* 


„  CaO 


1. 


BbO 


SO*.  iSO' 


%>w-| 


M 

SO*  NH* 
Vffl 


ins 
O  H 


K.  -El 


B«0  .  O 

nL  ^ 


loe 
ICilO  0 


2S  40 


lOT 

3C»-_.3iF 

i 

30  B 


us 


r 


QHOHUI-lOtEOHOIKIIi 
nHlttXiHOllOHOllOH 
(lHmiOHir>E[l>HUHtlH 

DII>)lll)lli>lll^JU)llUll 
1.411  •||ii||i)||rillUKlill 
JuilUlii)ilc>lli>HnHOK 


no 
HH 


00 
HH 


OHOII  0)1  UH  Cq 


OOCXXXjCOG 

tr 

Su»   S«'  Sii' 

Ciiji  Ciui  < »  rh 


CAVENDISH  SOCIETY, 


PrflTftrjnt.— Professor  GraiBm,  f-U-S. 


Arthor  Aikio.  Esq..  F.G.S. 
ProfeBBor  Brande,  F.R.S, 
Earl  of  BvuliHErton,  F.R.S. 
Prpfssjor  Dnuljpny,  F.R.S. 
MieliMl  FararUy,  D.C,L.,F.R,S. 
Rey.  Wm,  Vernou  MnccourC.  F.R.S. 


SirR.  Knue.M.D.,  H.R.T.A. 

TUe  llfopquis  of  Nortliamptgn,  F.R  S. 

Ricliord  PhUlips  ES4..  F.R.S, 

WnUarn  ProQt,  M,D.,F.H.S. 

Thomas  Tliomson,  M.D.,F.H.S„L.acE. 

JaniC!  TtoinfiOTi,  Esq.,  F.R.S. 


Crijufurer. 

H«Qr7  Beaamont  LeowUr  M  D.,  St.  Tbomia's  Hoa^atal,  SoatbwulE. 


Count  CI. 


Jacob  Dell,  Esq. 

BenjiLDiin  C.  Brodie,  Esq. 

George  E.  Dtiy,  M.D. 

W«rreii  Delumc,  Esq. 

J,  P.  Gassiol,  E*q.,  F.R.B. 

J.  J.  GrilHiv,  Es(]. 

A.       HfjfiHnnn,  E*;;.,  Ph.D. 


Jonat]»D  PeTeini,  M.D., F.R.S. 
Lyon  Plajfair,  Ph.D.,F.E.S. 
R.  Porrcll,  Esq.,  F.R.S. 
Proffcss&r  T.  Redwood. 
Edniiiad  Ronnlfls,  Ph.D. 
Frafeuor  WltutiitUDe,  F.a.S. 
Alfred  White,  Esq.,  F.L.S. 


Profeaaor  W.  A.  Milter.M.D.,  P.R.S.  Licut.-Coloncl  P.  Yorke. 

Robert  WaringtoD,  E«q.,  ApQilLWarie*'  HkII,  BEockfijlO. 
Mr,  CIimIm  Woodfall,  11,  Lorrimore  Rood,  Walworth, 


TriE  CAFENDian  Society  is  institotcd  for  the  promollon  of 
Cbeniietry  and  ita  allied  scieDcca,  by  ihn  JiU'usiun  of  tlie  litem- 
tnre  of  thoso  gubj&cty.  TLo  Society  pffocta  its  objeci  by  the 
translation  of  recent  WQrks  and  pujierB  of  merit;  by  tUe  publi- 
cation of  YO-luablu  urlgiiiiU  works  wLicb  would  Qot  olhorwiaQ  be 
printcJ,  from  tho  elomler  cbauce  at  fkek  meeting  witb  a  tcmu- 
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nerative  eale ;  and  "by  the  occasricmal  repuWiaitioti  or  translation 
of  aucli  ancient  or  earlier  rootlprn  works  as  may  be  conaiilered 
interesting  of  ueeFul  to  tlio  Members  of  tbe  Society. 

Members,  who  are  ndmilted  on  a.i>iilicatioii  to  Uio  Geueml  or 
Local  Secretaries,  pay  an  anmial  Subscription  of  one  guinpa,  and 
are  entitled  to  a  Copy  of  Crery  worlt  pnbli&Iied  by  tbe  Society 
for  the  period  during  wliicti  their  mcmbersliip  ctiatitiies.  Tho' 
nnmboT  of  worke  tljna  pubiisbed  will  necessarily  depend  on  the 
number  of  annual  Snbecribera;  but  it  is  anticipated  tbnt,  wbpn 
tbe  advantages  alTorilletl  by  tbe  Society  benome  generally  known, 
tbe  number  of  Subscribers  will  bo  adequate  tiO  tbe  expenso  of 
publisliing  three  octavo  volume*  wwb  year, 

Tlie  works  of  tbo  Society  will  be  Imudsr.mely  printed,  on  ii 
unifonn  plan,  for  mtnibprti  only,  tbcir  piiblicntion  iKiing  conduc- 
ted by  tbo  Council,  who  are  anmiiilly  elected,  by  ballot,  from 
among  ibc  Menilwrs,  earb  Member  having  a  vote. 

Tlie  first  Tolumo  of  (lie  fiofciEity'tn  publiLutioiiB,  edited  by 
Professor  Grahaiu,  nnd  entitled  "  Obeniical  Report*  and  Mo- 
moire,  OB  Atomic  Volume,  lsffP!orpbi*ra,  Endosmoi^i?,  Simulta- 
neous Contniet  of  Colours  (Cbcvreul),.  tbe  Latent  Heat  of  ^tttint 
at  ifiS'crent  Fresauros  (lU'gnauU),  the  ArtiGcial  Furmation  of 
Alkaloids,  nml  Volrnnia  Plienoniena,"  is  now  in  tbe  kacdii  of 
Mombers.  In  eliooyiug  tbese  Reports  «  flrlfttion  haji  been  niado 
of  tlioHo  tobicb  treat  of  tbe  present  condition  of  our  knuwlcdjje 
io  cci  tuiu  braoi'Lcs,  having  a  r^jiccial  intcrt-sL  in  tlio  pro»nt  stale 
of  Cheinieal  ^cicucp,  and  ibo  Mi'inoire  uro  on  ciiibjects  ofgcofrtj 
and  prnetif^iJ  intercut, 

Tbo  Translation  of  Gmelin's  Cbetniatry  is  it  a  forward  state. 
Tbo  first  volume  of  tho  work,  tvbidi  will  fwnn  the  seiMud  of  iha 
Society's  juibUcationp,  is  just  printed  and  incnurse  of  rirciilation. 
ThiB,  together  wiiL  tbe  premling  rihlunm  of  '■Cheniicftl  Hoporl« 
ud  Meinoir.","  thn  Member?  will  receive  m  rclurn  ft-r  ihi-ir  firal 
ytnx'n  Subeeriptiod  (^IS^W)  ;  and  should  tlic  nunilM  r  of  Mr<inl>er» 
incrauK!  to  tho  citenl  eipooted,  (from  obout  800,  tb«  prcMtnt 
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